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Summary of Ph.D. Thesis

A Study of Some Animal and Vegetable Fats - William C. Ruusell.

Part I - Analysis of Animgl PFats

‘Many investigators in this field have compared the
relative abundance of vegetable fat analyses with the scant
information available on animal fats and have stressed the
need for further analyses of the fate from a wider variety
of animals. This study is concerned with the analyses cf
eight enimal fats viz. those from crocodile, ostrich,
flamingo, rabbit, mouse, porcupine, antelope and gea lion.
The results obtained have been compared with those derived
from the fats of relsted animals, showing that in generzl,
the fate become simpler in the order: agquatic animals—
— > amphibia— > reptiles——- birds and rodents — land
animals. The effect of diet and other circumstances on
the composition of animgl fats is discussed, and a general
survey of the enimal fats so far analysed indicates thst
there is a correlation between I.V. of the fat and fatty
acid eonmposition. Expresgions have been derived for fats
of I.V. less than 90 which will give the approximate
composition of the fat, using the I.V. only.
Part Il - Separation and Identification of Unsaturated Acids

A number of animal fats are characterised by complex

mixtures of polyethenoid acids, and as yet no satisfactory
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method has been evolved for separating and identifying

them. Assuming that a polyethenoid acid could be separsted
free of all major impurities, the problem of determining its
structure was discussed and a method providing unambigucus
results was investigated. This method involved a system of
partial hydroxylation snd was successful in the case of
methyl linoleate. Further development is required, however,
before this method can be gpplied o other more unsaturated
acids. In the course of this work a micromethod of
gnalysing mixtures of mono-and dicarboxylic acids by partition
chromatography was developed.

Several attempis were nade to separate polyethenoid acids
from a sample of crocodile fat in g sufficiently pure state
for characterisation. Various technigues such as fractional
erystallisation, fractional distillation, chromatography and
formation of urea complexes were utilised, but nbne of them
was entirely successful.

Part III ~ The Constitution and Properties of Santalbic Acid

Santalbic acid, the chief component acid in Santalum
glbum (Linn.) seed oil is shown to be trans-octadec-ll-en=9-
ynoie acid, and thus identical with ximenynic acid. Some

reactions of the aclid and its derivatives are investigated.

A portion of this ork has been published in three papers
(Biochem. J., 57, 459, 462; J. Chem. Scc., in the press) and

the publication of further papers is envisaged.
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Introduction

Analyses of vegetable fais have covered a sufficiently
wide range of species to indicate that there is a correlation
between seed fat composition and botanical characteristics.
However, among the fals of land animzls there is a paucity
of information and as yet only very tentative generalisatlons
have been made. This position has been noted by several
workers (e.g. Gunstone and Paton 13953) (For references in
Part I see page 1251 and the need for further analyses in
this field has beon stressed. Thus, Barker and liilditch
(1950) state:~ "Attention is drawn to the interesting
gimilarities and differences in animal fet composition in
order to stress the need for many more Gata on this subject
from & wide variety of species, and in the hope that others
may be attracted to sngage in sinilar studies with the 2id
of the experimental methods which are now available for the
determination of the component acids of natural fats with
considerable precision.” These authors further list the
land animal fats which they congider to have been satisfactor-
ily analysed at that time. These are lion, Ceylon bear,
gient panda, baboon, emu, kangarco, tiger, puma, black bear,

some species of deer and a relatively large number of snalyses

of the depot fats of oxen, sheep and pigs. Analyses have

since been reported for hippopotamus (Barker and Hilditch 1950),
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badger (Gupta, Hilditch and Meara 1950), horse (Brooker
and Shorland 19503 Gupta and Hilditch 19513 Shorland,
Bruce and Jessop 1952), rabbit (Clément and Meara 1951,
Shorland 1953%) and tiger (Pathak and Agarwal 1952). In the
amphibian and reptile class Bawker and Hilditch name frog,
tortoise, lizard and turtle; rocent analyses have adaed
toad (Catteneo et gl 1951), moccasin (Pollard and lcLaughlin
1952), python and diamond snake (Karkhanis and Magar, 1953),
and crocodile (Pathak and Pande 1955)., This obvious gap
in our knowledge of the composition of animal fats has led
to the initiation in this depariment of a series of researches
of which the present work is a continuation (sce Paton 1953).
Analyees of the following animal fats have been completed in
respect of this scheme:~ deer and camel {(Gunstone znd Pzton
1953a); python (Gunstone and Paton 1953b); chimpanzee
(Gunstone 1955a); +tiger and puma (Gunstone 1955b); ecrocodile
(Gunstone and Russell 1954a); ostrich (Gunstone and Russell
1954b); mouse; rabbit; porcupine; flamingo and antelope.
The present work describes the analyses of the last seven
fats. A szmple of seal oil was also investigated in
enticipation of further work on the more unsaturated fatty
acids present in marine oils.

The importance of vegetable oils in commerce has
undoubtedly stimulated the relatively large series of

investiigations intc the comgjonent aclids of seed oils. The



fats of the less common enimels, have obvicusgly lititle
commercial importance and this fact coupled with the
difficulty of obtaining samples from their natural sources in
a condition which could be utilised commercially or analytic-
ally probably explains the lack of data in this field. Phis
latter difficulty can be overcome t0 2 certain extent ss
Hilditch (29%47a) suggests, by co-operation with the zoological
authorities. Although the diet and environment of the zuimal
are almost certainiy not those of its natural habitat, and
there is the further complication that the animal has probably
died of disease and/or semility, results of considerable
comparative value can be obtained. Thus the analyses in this
work with one exception have been carried out on snimals

which have been living in zoos or similar institutions.



Method of Analysis

‘The fundamental feature 6f fat analysis is the
determinatiou of the ecomposition of the mixed fatty acids
pro@uce& on hydrolysis of'the fat., ’This requirement
in#blvea the separation of thé mixed aéids into fractions
containing not more than two saturated acids, accompanied
by the corresponding unsaturated acids. his may be
écoomplished by a dusl process of fractional crystaslilisation
of the acids and fractional digtillation 6f thelr methyl
esters through an efficient column, In this way frecition
may be obtained which satiefy the sbove conditions zund the
compogition of each may then be determined from the ap rousriate
characteristics viz. weight, sapconification equivalent {giving
a measure of the mean molecular weight), iodine value (giving
a measure of the mean unsaturation) and absorpiion coefficient
(E%fm) after isomerisation.

Hydrolysis

If enough fat is available about 200gn. should be used.
This emount is necessary to obtain reliable results for the
minor component acids. ﬁowéwar it is obvious that it will
be impossible to obtain such a relatively large quantity of
fat from smaller animals, and in most of the analyses in
this work the gmount of fat used was much smaller. To cbtain
enough material it is often necessary to take samples from

different parts of the animsl znd the result obtained is
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thus an average analysis, since composition may vary with
locallty in the body (cf. Hilditch 1947b: Winter and Hunn
1950),  Then agein, in the case of the very small animals
enough fat can only be acquired by extraction from a number
of différent animals and accordingly only an average analysis
is obtained. éhus a sample of mouse fat weighing 60gn. was
obtained from 80 animals.

The hydrolysis is carried out by refluxing the fat for
ébout 1 hour in ethanolie potassium hydroxide solution (5 ml.
of ethanol per gm. of fat containing 13 of weight of fat of
potassium hydroxide dissolved in = small quantity of water).
About one third of the slcohol is then distilled off, plenty
of water added and the solution acidified’with 25¢ sulphurie
acid to »recipitete the mixed acids. These acids on coolling
are extracted with ether and the extract washed with water
until free of sulphuric acild. Drying of the ethereal solution
and removel of the solvent give the mixed acids.

Fractional Cryvstallisation of the !fixed Acids

This procedure is an importent step in the analysis of
fata, since an efficient separation at this stage is
necessary for obtaining simpler fractions in the later stages
of the analysis. This crystallisation, if successful, can
divide the mixzed acids into three fractions consisting of
mainly saturated (A fraction), monoethenoid (B fraction) and

polyethenoid acids (C fraction). Where & wide range of
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acids are present this sinple division is not achieved

8.8+« the lower saturated acids tend to crystallise with the
polyethenoid (C¢) fraction. Nevertheless an efficient
separation can often he obtained e.gs 55.0gm. of mouse fat
nixed acids gave 15.lgn. of A fraction (I.V. 1.5), 21.7zn.
of B fraction (I.V. 97.5) and 18.2gm. of C fraction (I.V.
159.6).

This is achieved by dissolving the acids in methanol
(10c.c. per gm. of acids) and allowing the solution to
crystallise at a temperature of about ~55°C overnight
(Gunstone =and Paton 1953a). This temperature was varied
depending on the unsaturation of the fat - in general, the
more vnsaturated ones are crystallised at lower temperatures
at this stage. The crystallisation was carried cut in a
large Dewar flask containing about 7 litres of alcohol
ecooled a few degrees below the desired temperature with solid
carbon dioxide. Under these conditions end by carefully
ingulating the top ¢f the flask the temperature only rises a
few degrees overnight. The filtration of the solids deposited
was executed in a specially adapted Buchner funnel which was
cooled by a bath containing alcohol and solid carbon dioxide
a few degrees below the temperature of crystallisation
(see Paton 1953)., Removal of the solvent from the Ffiltrate
gave the polyethenocid C fraction and an intermediate fracticn

can be ottained from the solids by dissolving in methanol



and subsequent removal of the sclvent, This latter fraction
was recrystallised by dissolving in methanol (10c.c. per gm.
of acide) and placing in a refrigerator at -20°¢. A gimilar
filtration gave two fracticns - the monoethenoid (B) fraction
from the filtrate and the seturated (A) fraction from the
solids. Doterminations ol the iodine values were made &t
all stages to check the progress ¢of the separation.

Esterification

The more unsaturated fractions (i.e. B and C) were
esteriftied by dissolving in methanol (Sc.c, per gm. of acids),
passing in ary hydrogesn chloride (1 gm. per 100c.c. metuanol)
and leaving the resultaut soiution overnight. About one
third of the alcohol as then removed undsr reduced pressure
at about 40°C and the esiers were extracted with ether,
washed with potassium hydroxide solution to remove any
unesterified acid and the ether solution, after washing free
of alkali with water, dried with anhydrous magnesium sulphate.
Removal of the solvent gave the methyl esters in good yield.
In the case of the most saturated A fraction treaiment =zt
a higher temperature was required since both the acids zund
their esters are largely insoluble in methancl at room
temperature. The acides were thus dissolved in methanol as
usual, concentrated sulphuric acid added (1% of weight) and
the solution refluxed for about 1 hour. After removal of

some of the alcohol the esters were extracted as usual.



Fractional Distilliation of the lethyl Esters

The estimation and identification of minor component
acids require sn efticient fractiongtion of the methyl esters.
A number of columns have been used in this type of work e.g.
the spinning band column (Winter and Nunu 195%3) which is
reputed to be very eificient. In this department the column
available was a Towers (T. 117) electrically heated column,
packed with glass helices. Distiilation of the methyl esters
under reduced pressure on this column gave satisfazectory results.
Fractions of about Zgn. were collected, as this quantity gave
the most satisfactory determinations of ssponification
equivalents., The fractlions were collected in & special
multiple receiver (see Paton 1953). However in some of the
analyses it was found necessary o collect smaller fractions
in which case a few minor modifications had to be made (e.g.
flamingo fat, fraction C). The saponification eguivalent
and iodine value of each of the fractioneg obiained by
distillation were determined.

Ungaponifiable Matier

When the unsaponifiabie matter exceeds 1 or 2% of the
whole fat, it is best removed by continuous ether extraction
of the agqueous aleoholic soap solution obtained zfter
saponification of the fat and before the precipitation of the
acids (Hilditch 1947ce). In the present saaples however

this was not the case and the unsaponifiable mealiter generally



concentrated in the regidues from the fractiongl distillation.
This wag determined quantitatively on the acids remsining
after determinagtion of the saponification equivalent. The
“aclds were converted to their potassium esalte and the
unsaponifiable matter extracted with ether under standard
conditions (“ub-~Com. or Det™* of Unsap, Matter in 0ils end
Fate 193%) =nd weighed directly. The necessary corrections
were then made to the constants of the residual fracticns

ard the composition computed as usual,

Deternination of the Polysthenoid Acids

In *the case of these Tractions which evidently contain
saturatced, mono and polyethenold zcids, the composition camnot
be ascertained frow fthe weight, saponification egquivslent and
iodine value only - sowe other charscteristic ig required.
Older methods make use of the thiocyanogen value, elaidinisation
and bromo addition compcunds, but these are not very acdurate,
The best methed, novw widely used is that based on the
reasurement of the ultravielet abscrption of the polyethenoid
geids alter isomerisation in alkszli. The first cuentlitative
method using this procedure wes proposed by ifitchell, ¥raybill
gnd Zscheile (1943) and later modified by other workers
(eoge Hilditch, Morton and Riley 1945; Hilditeh, Patel aund
Riley 1951). fThe method as adapted by these workers is
nainly used for deltermining linoleic snd linalenic acids
separately or together ané depends or the fact that a szciution

of potassium hydroxide in ethylene glycol at high temperstures
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is capable of isomerising linegleic acid, which contains
two double bonds separated by a methylene group, into the
conjugated form. This is true of linolenic and other
gimilar polyethenold acids. The isomerisation alwgys taies
place to the same extent when carried out under standard
conditions, and the amounts of conjugated acids can bve
determined by spectroscopic means i.e. the standard
conditiong for the determination of lingleic acid are to
isomerise with 744 solution of potassium hydroxide in
ethylene glycol st 180°C for 60 minutes, whereas linolenie
acid is isomerised at 170°C for 15 winutes with the same
reagent. Other conditions are used for the determination
of tetra-, penta- and hexaenocic acids (see Herb 1955). The
constants used in the above procedures were determined on
acids derived from vegetable csources, and while there is no
conclusive evidence to suggest that the acids from animal
fats are essentially of the same nature, the method gives
results which are consistent with other aebserved values such
as lodine values. Several attempts were made to elucidate
the structure of these polyethenoid acids (e.g. see analysie
of crocodile fat page 24, analysis of estrich fat page °¢
and part II).

HMethod of Calculation

It is difficult to make any generalisations regarding

the method of calculation as each fraction has to be considered
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in relation to its saponification equivalent (S8.E.), iodine
value (I.V.) end absorption coefficient (Ei’cm) after alkali
isomerisation. Accordingly the scheme of calculation can
best be illustrated by considering one fat in detail, and
this is done by examining the results of the crocodile
analysis.

The method of caleculation is essentially that deseribed
by Hilditch (1947d). It is convenient at this stage to
indicate the convention regarding the nomenclature of the
fatty scids and esters. Thus esters of acids containing
18 carbon atoms are referred to as 018 esters and esters

of mono, di and trienoic C;4 acids are referred to as ClBl'

61811 and 018111 esters respectively. Purther, saturated
acids are given the superscript O - in this way palmitie acid
would be 0166.

Use is also made of the expressions '016' or 'Cla"
these implying a mixture of 016 or 618 aeids or esters.

Praction A (See Table 1)

On examination of the I.V. and §.E. of the first twelve
fractions it is obvious that this fraetion cousists mainly of
;¢ esters (e.g. S.E. of C15° ester is 270.4). It is
assumed that the small iodine values obteal ned in the fractions
- A1-A10 are due to C,.l esters and that the I.V. in the case
of Al1-Al6 is due to unsaturated C,g esters. Thus in the

case of A6 the wekht of unsaturated ester (0161) is given by




1.V, of fraction

. wt, of fraction x - T
I.V. of pure unsaturated ester (016')

L ise, 0161 = 3,55 x g&§6 = 0,05, The remainder of A6 wiil

eonsiat'of‘016°.' Fractions A3-A10 can be calculated in a
pimilar way. In fractions Al and A2 it is evident from the
lower S.E.'s that acids of shorter chain lengith are present.
It is assumed that these fractions contain esters of 0140,
0160 and 0161‘ The weight of 0161 is calculated z& above;
the S.%. of the remaining saturated esters is corrected to
allow for the removal of the 3161 and the saturated pzsrt is
partitioned between myristic and pailmitic esters according
to the corrected S.E.'s. The siages are therefore for 4l,
2464
gz.g

wts of unsaturated ester (0161) = 1l.l X % = 0,03 giving

the weight of saturated esters as 2.01. It then follows,
from the dofinition of S.E, that S8t - %8L. . .

0.0
+ ¢ .

of 016 esters present in the saturated part then

' 100=x . ‘ . :

57%;; + 525:% = %%gjg ices X = 59,55%,
This gives the composition of the fraoction as 3161 0.03%:
016101.558 014010060

i.es S.E. of sat'd, esters = 258,3, and if x is ¥



Table 1 - Distillation of A esters of C.porosus

Fraction ga. I.V. S.E. Cr4° C16° G18° Cp0° Cig” 'Cpg' Hes.”
1 2464 1.1 258.4[1.06 1.55 = = 0,03 - =
2 2,71 1.2 268,8/0.14 2,54 - = 0,03 - -
3 2,80 1.0 27041| = 2,77 = -  0.03 - -
4 3422 048 27046 ~ 3418 = = 0,03 - -
5 3432 046 270.6] = 3430 = = 0,02 -~ -

6 3453 048 270.0[ = 3,50 - -  0.03

7 3,08 0.5 27062| = 3,06 = =  0.02 = =
8 B.41 0.7 270.1] = 338 = - 0.03 - =
9 3,40 0¢3 270.0] = 3439 = - 0,01 - -
10 306 0.6 27043 = 3.04 = = 0,02 - =
11 3,34 1.8 270.5] = 3427 - = - 0,07 =~
12 2.92 24.7 282,T] - 1l.52 0.62 - - 0.78 =
13 %42% 41,0 295.9) - 0.17 1.63 - 1443 -
14 3,12 34,9 29643 - 0.14 1.80 - 1.18 -
15 2442 27.2 29547 = 0417 1.54 -  0.71 -

16 3,00 22,3 309.3] = = 1.42 0.82 =  0.72 0.04

Total 49.20 1.20 3489 T.0L 0.82 0.25 4.89 0.04

% Esters 2444 TL11 1425 1.67 0,51 9494 0.08

% Acids 2442 TL02 1430 1.69 0,51 9.98 0.08

% Fraction (33.2) 0480 2358 475 0456 0,17 3.31%0.0%

# Using isomerisation data this gives 3.06 Cig

+ Unsaponifiable matter,

23 4!!1)1 .

_ Isomerisation Data
Al3 after isomerisation at 180°C/60min. had E%fm of 3l.1 at

1 1l

s 025 018 .
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The composition of A2 can be computed in a similar manner.
From the S.E.'s and I.V.'s of Al12-Al5 it is assumed that they
contain 01609 0180 znd unsaturated C,q esters. i.e. two
saturated and one unsaturated ester as asbove and hence the
results can be calculated similarly. This A fraction is
not very typical because according to speciroscopic data
these later fractions do contain a little octadecadienocic
acid which can be calculated as shown below for the B fraction.
The residue (A41l6) contains a 1little unsaponifiable material
and taking account of this the S.E. becomes 305.2 and the
I.V., 22.6. Once more the I.V. is assumed to be due %o

'018' esters and the remaining saturated esters are
partitioned between 020° and 0180 as in Al.

Fraction B. (See Table 2)

This fraction is the intermediate one and it is clear
that it will contain a fair proportion of unsatursted esters,
and a8 the isomerisation data in Table 2 show these esters
are mainly monounsaturated. PThis last statement is Justified
by the observation (Hilditch, Patel and Riley 1951) that
under the standard conditions of isomerisation pure linoleic
acid gives o meximum avsorption at 234@3 with E%%m of 906
and pure linclenic acid shows maximum absorption at 268@p
with E% of 555.

Considering B9 as containing only C g esters (from S.E.),




from the spectral values, % 61811 = 64‘802 100 = 7.1 ana

11

8ince the I,V. of pure_GlB ester is 173.2, the contribuiion

of this 01811 to the I.V. of the whole fraction is

(since I.V. of pure 6181 ia 85.6). It will thus be seen

that Cygl + 0 ¢!t = 100.9% end it is assumed that thie
fraction and similar ones (i.e. B5 = Bl4) contain 018l and
01811 only i.e. two unsaturated esters and hence the
composition of these fractions can be computed using the

I.V. only,

1. (Le¥e Qg.grfqgéfg =828y y wt, of fraction

1ees Whe OF Cpgh

The constants for B3 indicate that this fraction contains
some esters lower than the C g series. It is assumed that
this contains a mixture of C,g and Cyg esters and the latter
are taken to have the same composition as in B5 (the earliest
fraction containing C g only) i.e. C,g esters have I.V, of
92,2 and S.E. (calcvlated) of 296.3. By an approximate
calculation ignoring the correct unsatvrations cf the fractions

it ean be shown that the 3.F. of the 015 esters should be
approximately 269,6. ZThus asesuming that the S.E. of the Ci6

ester is 269,6,
100 - Cqg ¢ 100 _ |
5855 ‘% < TIETE 0 (A) i.e. Cig = 16.1%

0‘0 TeVe due 1o .018' = 14.8 and I.V. due to '016' = 46.1"‘1408

= 103
ie€e IoVe of 016 esters is 373 whence S.B. is 269.6,
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This implieé that the estimated equivalent (269.6) is in
fact correct and that the acids must indeed be present in the
above proportions i.e. 018 = 16.1%. (If however, the value
for the S.E. is ndt the same as originally assumed then the
latter value is substituted in (A) and the process repeated
until similar values are obtained). It follows that the

kb

contribution of Cig' to the H . observed for this fraction is

0‘2 '.“C 906 x 1601 = 10.8.

% 1060 Since the obaerved value was
*

1644 and in view of the uncertainty of the nature of the

octadecadienolc acids and the G15 unsaturated acids the

difference between the observed reading and the value

11 can be neglectsd i.e. there is no

evidence of the presence of 01611

calculated for C,q

ecters and it is assumed

that the I.V. of the C1¢ esters is due entirely to the presence
1 . - .

of Gy esters l.e. i 3161 = 37é2°§ 100 359a4. Thug, the

composition of B3 is 0181 - (.49 01811 - 0.043 3160 - 1.68;

3161 - 1.09. Fraction B4 ie partitioned between C, g having

the composition as found in B3 and 318 as in B5 on the basis

of IV, i,e. 'Cig' = $5°5-T9¢%% x 3.18 = 0.45. In B2,

it ie obvious from the S.E. that some 614 esters are present.

The supposition is therefore made that this fraction contains

0146’ 0141 and C;. esters as in B3.
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2.67 O

Table 2 = Digtillation of B esters of C. porosus
iiom g, LoVe SeBe| Cp° O° 0t ol oyl 0aT oyt g g
1 2441 7.8 255.910.99 1.24 0.18 - - - -
2 2,56 34.5 262,6/0.46 1,19 0.14 077 = = =
3 - 3.30 46,1 27346] = 168 = 1,09 0449 0.04 -~
4 3,18 8444 293.4] - 0.27 - 0,18 2.53 0.20 -
5 3437 9242 2965 = = = - 3.12 0,25 =~
6 3,20 92.4 297.3| - - - - 2:95 0,25 -~
T  3.24 92,8 296,2| - = - - 2,97 0.27 -
8  3.44 92.4 295.4| - - - - 3417 0,27 =
1 9 339 92.5 296.4| = - - - 312 027 =
10 3,04 91.8 296.2| - - - - 2,82 0,22 -
11 3.29 91.1 295.2| - - - - 3,08 0,21 =~
12 3.28 907 295.5| =~ - - - 3,09 0.19 =~
13  3.46 90,0 296,3| -~ - - - 3429 0,17 -~
14 2,83 89,9 295.8| = - = - 2.69 0,14 -
15 2.02 8943 329.3| = - - - - - 202
16 2,70 109.6 316.5| ~ - - - - - 2.58 0.12
Total 48.71 1e45 4438 0432 2,04 33,32 2.48 4,60 0.12
% Esters 2,98 8,99 0.66 4,19 68440 5.09 Je44 025
% Acids 2.95 8495 0,65 4,17 68+44 5,09 9,49 0.26
% Fraction (28.1) 0683 2,51 0,18 1417 19424 1.45 $07

;gomerisatian Dats

Fraction I.Ve Oof u-ids
Bl5 92.6
BY 96,5
B3 44.9

UV, sbsorption at 268§p and of unisomerised fractions was

negligible,

% at 234mp (

42,6
64.0
16.4

after isomPLlu&tlﬂﬁ
at 180°C/60 min,)
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It can be shown that for a tertiary mixture of two
unsaturated esters [Higher (H) and Lower (L)] and a

saturated ester (8) that

WlI.VogX + I.Voy(~2)]  where X = Ry - Rg

He=

W refers to the whole fraction and in particular to its weight;
R is the reciprocal €.E. In this case '016' = H, cldl = L

and 014
Fraction Bl by the above method gives a negative value foxr H

- the fraction is therefore assumed to consist of 6141, Cl4°

“ = 8 and the composition of B2 can be readily computed.

and 0160 snd the results calculated as in Al.  Fraction
Bl5 is assumed to conslst of 'C,,' only and the average
unsgturetion of the esters can be asceriained from the I.V,.
The assumption is slso made that the residusl fraction Elo

consists only of '020' and the unsaponifiable matier.

Fraction § (See Table 3)

The same kind of procedure was applied to thie fraction
although it 1le evide.?t that it contains more unsaturated acids
than the B fraction, and further that the acids cover a
wider range (i.e. Gyp ~ 020). Considering fraction C9
from S.E, it is likely to consist of 018 only.
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Using spectral valuee-clslll = iﬁaﬁggglgg = 9.0%

01811 = 222 = 31T 4 100 = 52.6%
Q06

These acids contribute 119.8 (24.6 + 95.,2) %0 the I.V. of the

aclids i.e. the I.V, due %o 0181 = 3%,2 whence 0181 = BT 00,

o

It will be seen that this gives a total of 98.6% for these

1. 31811 + 018111) and it seems reasonable

acide (i.e. Cyq
to assume that these are the only ones present in the
fraction i.e. U gttt 9.0%5 Ot 52.6%; Cygt 38.47.  tnis
composition is used for fractions C6 - Cl4 which have similar
SeEs's and I.V.'s8. C4 is considered to be a mixture ci

Crg and Cyg (as in C6) end the results are computed in

a similar manner to those of B3, Praction G5 is

partitioned between C,¢ (as in C4) end Cig (as in C6) and
the results calculated as in B4.




Table 3 « Distillution ox € Esters of C. porosus

sy Y rerme:

Fraction "It IV,  8.E. | 0,° 0,° Oy 0yt
1 2,64 37.2 232.4 | 0.57 1.17 =~ 0423
2 2,95 64,0 261.,8 | - 0u33 04,17 -

3 2,53 91.1 265.6 - 0.07 0,18 =«
4 2,54 100.6 272,0 | - - 07 -
5 2,86 1%8,6 287.9 - - 0,03 -
6 2,87 147.5 292,4 | = - . -
7 2,9% 148,8 292,4 | - - - -
8 3,16 128,8 292,2 - _— - o
9 2,98 148,6 291.6 - - - -
10 2,77 149,3 291.,8 | = - - -
11 3,01 147,5 291.8 | = - - -
12 3,52 148,1 291.9 - - - ‘o
13 %.69 145,8 291.7 - - -
14 3,11 146.9 291,3 - - - -
15 2,34 165,9 296.0 | = - - -
16 5¢60 173,6 308 | - - - -
Totals 49.50 0.57 1.57 0455 0.23
% Esters 1.15 %0617 lall 0446
% Acids 1.1 3414 1.20 0445
% Fraction (38.7) ] 0e44 1.22  0.43 0,17

Igsomerisation Data 4
; : % *
Freotion L.V, of seids By, at 234mp”  E at 268

¢4 105.1 125.7 -
c9 15340 529.0 49.9
€15 17%.0 38640 17849

# after isomerisation at 180°C/60 min.
+ after isomerisation at 170°C/15 min,

U.V. sbsorption of unisomerised fractions was negligible.



0.57 - i -~ - - - -
0.54 1.,98 0.15 - - - - -
0,16  1.99 0,13 - - - - -
- 1,88 0.12 C.14 0.20 0.03 - -
- 0.40 0.03 .92 1.26 .22 - -
- - ~ 1.10 1,51 Ce26 v -
- - - 1.13 1.54 0.26 - -
- - - l.21 1.67 0.28 - -
- - - l.14 1.57 C.27 - -
- - - 1,06 1.46 0.25 - -
- - - 1.156 1.58 0.27 - -
- > - 1.35 1.85% 032 - -
- - - l.42 1.94 Ce33 - -
- . - 1,19 1.64 0.28 - -

2,42  3.31 0e57 1.37 0.27

1.17 6425 - 0.4l  14.24  19.53 5.34  L.37 Ce2T
C 2.36 12,63  0.83 23,77  39.45 6475 2.77 0455
2,335 12,59 0,835  28.82 39.49 . 6.75 2,79 0458

0,490  4.87 0,32 11,15 15,28  2.61 1..08 €.22
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. 0 1 _

82 and C3 are assumed to contain Cig s Gy~ and 'Cigt
(as in C4), the composition of these fractions being
calculated uging the formula as described for B2. Fraetion

s 0 1 0 1
Ll is congidered as 012 ’ 012 ’ 014 and 014 i.e. it
econtains two saturated and two unsaturated esters; then
only a small error is entziled by taking the equivalent
of the unsaturated part as the same as that as the fraction

itself (cf. Hilditch 19474)

c + C
i.s8. ;2 . T + 014 — = 12 14 cesces (&)
S.E. Qf 012 S+E. of 014 SEobs,
Purther

0121 x I.V. of 0121 + 0141 x I.V. of 0141 = 100 x I.V. obs.(B)

Solving (A) and (B) simultaneously gives values for C121 and
6141 and the remaining part can be partitioned between the
two saturated.estera in the usual way. Fractions Cl% and
Cl6 were eoébin@d for caleculation and the esters were
considered to consist of 'Cyg' as in CI4 and 'C,,' - the
composition was then computed as in B3.

The esters were then totalled as shown in the tables and
converted to '% acids' and finally to increments of the
totalled mixed acids expressed as % wt. These increments

were totalled and then expressed as % wt. and % mol.

excluding unsaponifiable as in Table 4.
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Table 4 - Componernt Acids of C. porosus Ifatb

heid A B € .| Total Ungzgiﬁgégiblé(
Seturated Eorbe | i tols
Laurio - - Oedd | Codd | Codd | C.59
Myristie DeB0 | 0483 Lo22 | 2485 | 2,86 | 3,99
Palmitic 23,58 | 2,51 | 0,43 [26.52 | 26,61 |25.10
Steario 4.75| =~ -~ 4475 | 4oT7 | 4454
Arachidice 0.56 - - 0.56 056 Cedl
Unsaturated
Dodecenoic - - Oel7 | ColT | ColT | Ca23
Tetradecenoic - | 0,18] 0.9C | 1.08 | 1,08 | 1.29
Hexadecenoic 0.17 | Lo17| 4487 | 6,21 6.23 | 6.63
Hexsdecedienoic | - - | 0.32)0.32 | 0,32 | 0.32
Cctadecenoic | 3606 (194,24 111,05 (35445 | 33.56 | 52,1¢
Octadecadienoic | 025 | Led% (15629 [L69T {17402 | 1643
Octadecatriencic| - - 2,61 | 2461 | 2.62 | 2.55
As eilcosenoic - | 2.67| 1,08 | 3.75 | 3.76 | 3.26
Unsaponifiable 0,03 | 0.07| 0.22 0;32 - -

+ avarage unsaturation « 3,5H.

22



The Anelysis of Crocodile Fat

Introduction

| Qhe order Crocodilia comprises the crocodiles proper
together with alligators and gharials. The analytical

recérd regarding fats of this order is partiocularly barren

end until recently the only figures available were those

from an African crocodile end the related alligator obtained

by Kobayshi (1522) gnd from samples of alligator oil

(Lubr 1932, Nembrot and Cadrobbi 19%6). These accounts,

however, merely record the iodine values and other counsiants

and the authors nmake no attempt to carry out a detalied

analyeis. the COolonial Products Advisory Buresu (Plant

and Apimal) has recently shown an interest in crocodile

0il and carried out a simple examination on samples of o0il

from Tenganyike, primerily with a view to its pocsgible

market value (Bennet, Brown, Coomes, Morton and Rawcond 1950).

These authors have suggested that crocodile o0il might find

a use alongside turtle oil in cosmetic preparations. ﬁinee

it is unecertain why turtle oil is favoured in this connection

it is difficult to say how far the present resulis add to

what is known about crocodile 0il relative to its use in

this WaY «

After this work had been published (Gunstone znd Ku-sell
1954a) an analyseic of an Indian crocodile fat (Gavizlus

gangeticus) was reported (Pathek and Pande 195%).
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Origin and Prenaration of the Fat

Iwo samples of fat were investigated. One was

obtained from an adult Estuarine crocodile (Crocodylus

porosus) of about 20 years which had been kept in captivity
in Edinburgh Zoo where its diet consisted of whole dead
piglets. A post mortem examination showed some enteritis
and a fatty infiltration of the liver. The crude fatty
material after autoclaving at 120°C was broken up in a
homogeniser and extracted with 1light petroleum (bepe 40-60°C
giving a pole yellow semi-so0lid fat (for details sce Paton
1953). The second sample of fat, cbtained throush the
kindness of the staff of the Colonial Products Advisory

Bureau, came from a crocodile (Crocodylus niloticus) in

Tanganyika living presumably in its natural state.
These fats were analysed in the manner already indicated.

The detailed results are given in the Appendix page P6 ,

Examination of Unsaturated Acids of C'perosus and ¢. niloticus

fats

Unsaturated 016 acids

Evidence for the presence of 016 polyethenoid acids is
derived only from spectroscoplc data and it seems probable
that<fheae acids are a complex mixture (for a further
discussion on this subject see p. 34 where a similar

circumestance occurs in the unsaturated acids of ostrich fzt).



The occurrence of hexadec=9-enoic acid was shown by

oxidation with alkaline potassium permanganate (Lapworth and
Mottram 1925) to give 9:10 dihydroxypalmitic acid (m.pte
123=124°C from 0. porosus and m,pt. 126-127°C from C. niloticus

Unsaturated 018 aclds

It has long been recognicged that the yield of a bromo
derivative from any given polyethenoid acid is not
quantitative; however by carrying out the bromination and
aaparatibn of the bromides in a rigid and prescribed manner
certain empirical values have been cobtained which have been
designated polybromide numbers. By means of suitable
equations these polybromide numbers can be related to the
percentage of the individual components of a given mixture
of unsatursted zcids, although it should be recogniged that
in certain cases counsiderable errors may arise becasuse of
mutual solubility effects which the bromo derivatives exert
on each other (Markley 1947). This nethod depends
esgentially on the separaticn of the ether-insoluble hexa-
bromides from the tetrabromides which are scluble in ether
end insoluble in petroleum ether (b.p. 40-60°C).

Sramination of a fraction from C. porosus rich in C o
polyethenoid acide (C9) was effected quantitatively and
using constants a plicable to linolenic and linoleic acids
results were obtained as shown in Table 5. These agree

fairly well with the values obtained by the isomerisation
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procedure and suggest that the octadecadi-~ and trienocic

~acids of 0. porosus are substantislly the all cis isomers

as found in vegetable oils.

Tsble 5 - Polyethenoid 0,5 acids

Bromination Alkali isomerisation
e

f*'—/\‘\ P
Diene Triene Diene Triene

8. porosus 48.7 1249 44.4 14.3
Sl‘_» nilg‘tious 1609 179 12.8 23.8

Values are given as % wt. of fractions

containing only Ciq acide.

This cenclusion is confirmed by the additional
apectfographic data as recorded in Figure 1l. Jackson,
Paschke, Qolberg, Boyd and Wheeler (1952) in a study of
the alkall isomerisation of linoleic acid and some of ite
geometrical isomers determined the roriod of isomerisation
required to give the maximum U.V. absorption. This was
found to be 45 minutes for the cis, cis acid (i.e. liaoleic),

360 minutes for the trans, trans acid and 150 min. for the

eis, trans acid. The detailed results given by these
authors clearly shows that the cis, ¢is acid isomerises

" guicker than its geometrical isomers and since in our
experiments the maximum value was observed aflter one hour,
this can be taken as additional evidence that the octadeca-

dienoic acid is essentially the c¢is, cis compound.



FIGURE

ULTRA VIOLET ABSORPTION SPECTRA
POLYETHENOIB AGIOS FROM POKO06US

<]



The results obtained in the bromination of C. niloticus
(see Table 5) are less definite and although linoleic and
linolenic acids are presentJ(see below) they are probably
accompanied by isomeric compounds. Purther evidence of the
presence of linoleic and linolenic acids in bath these
fats is provided by the recrystallisation of the bromo--
derivatives prenared as above to give compounds identica
with those derived from the acids found in vegetable fats.
i.e. C. porosus gave hexabromostearic acid m.pt. 184-187°C

and tetrabromostearic acid m.pt. 112-114°C

C. niloticus gave hexsbromosiearic aecid m.pt. 177-179°C

and tetrabromostearic acid m.pt. 110-112°C.
Mixed m.pts., with aunthentic samples pzave no depressions.
It is ihteresting to compare these observations with the
results obtained for the analysic of toadfat (Cattenec,
deSutton and Penhos 1951). In this fat evidence was found
of the existence of other octadecatrienoic acids differing
from linolenic acid, although the presence of linoleic and
linolanic acids was shown by the prenaration of the usual
- bromoderivatives.

Oleiec acid was shown to be present in both the samples
of crocodile fat by the oxidation of suitable fractions by
alkaline potassium permanganate, (Lepworth and Mottram
1925) giving 9:10 dihydroxystearic acid [m.pt. 131°C from
C. porosus and m.pt. 128,5 - 129°C from C.niloticusl.



Unsaturated Cog.pp acids

These unsaturated aecids are rather complex in character
and in the anulysis of J. porosus fat they appear in
fractions B and C. That portlion which is present in
fraction B must be largely monoethenoid in view of its low
iodine value (approximately 90), its small absorption et
234mp (approx. 40) after alkali isomerisation, and the fact
that the higher saturated acids do not appear in this fraction.
The homologous acids in fraction C are more umsatursted and
since they show appreciable abgorption after alkali
isomerisation at 234mp, 268mu, 30V and 315mu, they must
contain a tetraethenoid acid (probably arachidonic zecid)
accompanied possibly by less unssaturated 020 acids.,

The higher unsaturated acids of . niloticus fat are
present in greater amounts and include 022 as well as 020
acids, Both occur almost entirely in fraction C and are
highly unsaturated {iocdine value 220-300). Alkali
isomerisation of the Ca0 fracticn gives appreciable
absorption maxima at 234mp, 268, 300, 315 and 346@n ghoving
that pentaethencid acids are present (see Herb 195%).
Fractions from C. niloticue fat rich in Cyy end Cpp acids were
also brominated and the solid producte recrystallised from
a variety of solvents. Two compounds were obtained and

these were probably hexabromoeicosancic acid (decomposes at



255°Cs found Br 6l.4%, calculated for Cooliz400BT;,

61.,0%) and decabromodocosanoic acid (melts with decomposition
at 260°C: found Br 70.6%, calculated for Cp,Hs;,0,Br) .
'70.7%), thus indicating that eicosatrienoic and docosa-
pentaenoic acids occur in the 020 and C,, fractions.

Detalls of other simpler acids isolated are given in
the appendix (pages ©7,91), A further detailed
gualitative examination of the unsaturated acids of
C. piloticus fat is made in Part II (page V).

Discussion

Klenk (1933) and Klenk, Ditt and Diebold (13835) have
drawn attention to the fact that the fatty acid composition
of eerﬁain anphibian and reptile fats studied by them was
intermediate between the fats of marine and land animals.
The results obtained in this group of animals since these
original observations do not alter this contention, and
rcference 1o Table 6 shows that the ~nalyses of crocodile
fat accord with this general classification of amphiblans
and reptiles.

In comparing the composition of the three crocodile fats,
it should be pointed out that the two anslyses of fat from
wild animals (i.e. C. niloticus end Gavialis gangeticus)
show striking similarities. The main differences are in
the distribution of the Oy acids, the totals for which are

however almost exactly the same. In the more saturated



fat (I V. oF Ge pzneeticus fat vas 72.6) there is more

stearic acid presont and iess unsaturated 018 acids

(ef. Gunstone 1955b).

Table 6 - Component Acids of Amphibian and Reptile Fats

(% wt,)
Acid Frog | Tortoisge Turtle
(1) T (i4)
Lauric - -~ |1%.3% -
Myristic 4 1 1046 6.6
Palmitic 11 14 |{17.0 21.8
Stearic 3 4 4,1 15.5
Arachidic - - - 1.9
Tetradecenocic - - 1.3 55
Hexadecenoic | 15 9 7.8 18,0
Octadecenoic
52 65 |39.6 31le4
Cctadecadienoic 3 .

(=2.5H)| (=2.4H) (-2.2i) (~3,7H)
Octadecatriencic ,
'Eicosenoic! 15 7 6s1 143
' Docosenoic! (~6H) (=4H) (=6,3H) (-8.,6H)

All values are taken from Hilditch (1947) apart from
results for turtle (ii) Giral and Harquez (1948), python
(Gunstone and Paton, 1953), toad (Cattaneo et gl 1951)
and crccodile, The crocodile results are from the fat

of (i) grocodylus porosus (ii) Crocodylus niloticusg (iii)

Gavialis gangeticus (Pathak and Pande 1955),
% Also 0.25 decanoic aeid + also 0.2 dodecencic secid.
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It is also evident that the fat from these animals living
in their natural state contains a greater proportion of
016 and 020_22 unsaturated acids, wherecas the fat from

C. porosus contains more octadecadienoic acid which is
more certainly linoleic acid than in the former case. The
differences probably reflect differences in diet since the
captive &ﬁimal was fed on whole dead piglets, whilst
crocodiles in thelr natural habitat are reported to est
mainly fish. A similar comparison can be made between
the two ligerds: he specimen (1) was a mature animal
whick had been kept in captivity for a number of years
whilet ligard (ii) was a very young animel of the same
species which had been killed in Ceylon, It is slso
interesting to note that in spite of ite lower I.V., the

fat from G. gengeticus is more marine in type than that

from €. porgsus, because of the presence of higher
quantities of €, and Cyy o, unsaturated acids.

As regards the suggestion by Bennet et al. (1950)
concerning the substitution of crocodile for turtle oil im
the cosmetics industry, comparison with the figures
obtained for turtle oil certainly indicate similisrities.
Giﬁal-and co~workers (1948) have made an extensive study
of Hexican turtle oils -~ four samples of o0il from different

species were analysed, and these were found to vary somewhat



emong themselves. . Comparison of the composition of the

0il from Carcita caretts [turtle (ii) in Table 6] with

that from . niloticug (thie animal being ig'its natural
state and belonging to the species potentially available)
shows a marked simildrity apart from the greater proporiions
of unsaturated C,, ,, unsaturated acids in the crocodile oil.
ﬁd&eover the o0il from this species of turtle is resdily
available in the Mexican market and is widely used in
cosmetice (Giral and Warquez 1948). In the other sampices
of turtle fat examined the proportion of 620_22 acids is

very similar (e.g. Chelone mydas) although the distribution

of the saturated acids is somewhat different. It is reported
that the usefulness of furtle oil in cosmetics is due 1o

the presence of higher unsaturated acids {cf. Harry 1941,
1948)3 these occur in most amphibian and reptile fats and
also in larger amounts in fich oils. There may be olfuctory
objeoctions to the use of the latter, and whilst at present
many smphibien and reptile fats are not easily available,

crocodile fat if available may thus find a use in cosmetics.
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The Analysis of Ostrich andg Mawingo Pats

Introduction

There are very few detailed analyses of bird depoct
fate, only those of the domestic hen, grey goose and emu
having been studied in sufficient detail. It is obvious
of course that there will be difficulties in the way of
obtaining a large enough sample of fat from such small
enimals s birds. This fact probably explsins the lack
of data in this field; the ones that have bheen examined
being among the bigger members of this group.

A superficial examination of ostrich fat has been
carried out by Vamvakas (1910) who however merely records
the I.V, (71.1), S.E.(265.4) a2nd some other constante.

Origin end Preparation of the Fats

The ostrich fat used in this investigation was obtained

from an adult male snimgl (Struthio camelus) which had been

in captivity in Edinburgh Zoo. Its diet consisted of

pasture supnlemented with whole maize, contrasting with its
natural diet which congistes of small animals, birds, snakes,
lizards and insects, as well as grass, leaves, frults,

berries and sezds. 'A post-mortem revealed a knotted mass

of grass filling the proventriculus and gizzard, A varied
bacterial flora was isolated from the bone marrow and there
was severe congestion of the duodenum and & fatty infiltration
of the liver' {(Information kindly supplied by kr. B.C.

Aprleby).



The samvle of flamingo fat came from a fairly young

adult bird (Phoenicovterus chilensig) in captivity at

Bristol whose diet conslsted mainly of vegetable roughage
from the bottom of a pond together with worms, slugs and
occasionglly shriwps. In 1ts natural state the flamingo
subaiatS“on the small animals and vegetable matter (alzne)
whieh live in the muddy beds of ponds and lskes. This
animal's decease was caused by a fracture of the ribs which
tore a lung and caused haemorrage. The fats were extracted
in the usual vay with petroleum ether (b. pt. 40-606°C) and
analysed, Detgiled reasults are given in the appendix
(page 92 ).

Unsaturated Acids of Ostrich and Flamingo Fats

Unsaturatedﬁéqﬁ agcidg: Both these fats were found %o

contain hexadecadiencic on the basis of spectroscopic data.
Thus the U.V. absorption after isomerisation of a fraction
from ostrich fat consisting meinly of 016 esters indicated
an appreciasble E%ﬁm value (273.7) at 234mp and 2 much
smaller value (15.0) at 268mp.  After allowing for the mmall
quantities of polyethenoid C;g acids present, these values |
éere 121.8 and 0.5 respectively. The former value, was
taken to indicate the presence of hexadecadienoic acid

(12,1%) in the fraction. Bromination of this fraction

however gave a white powder m.pt. 176-179°C which was
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insoluble in light petroleum snd appeared to be hexabromo-
palmitic aecid (Found Br 66.07 calculated for Gy gllop0aBrs
65eT%) « The small amounts of hexadecadienocic acids
reported in these anzlyses should thus be regarded as an
unidentified mixture of unsaturated 016 acids. Clément
and Meara (1951) have also reported the presence of
hexadecadienoic and hexadecatrieneic acids in rabbit Tat
solely on the basis of spectroscopic anaslysis. lHexadecadien-
oic acld has also been observed in the seed fat of 4cacia
giraffue (Harrison snd Hawke 1952) - in this case its
presence is based on the results of an oxidation procedure.

Unsaturated 018 acids: As has been noted previously the

identity of octadecz di-ond-triencic acids in animel fats
with linoleic and linolenic acids has not yet been

demonstrated, although the fat of C. porosus did seem te

contain polyethenoid 018 acids mainly of this structure.

In the case of the ostrich fat the structure of these acids
is not so certain for the following reasons:-

i) Herd and Riemenschneider (1952) have suggested that
replacement of the 7%% potassium hydroxide/glycol solution
a8 the isomerisation reagent by a 21% solution giving larger
constants should increase the sensitivity of the procedure
for all the polyunsaturated acids except linolelc acid

for which the sensitivity is unchanged. Using this method



therefore, if the unsatursted
and lincolenic acids, a slight

at 268mp due to linolenic and

618 acids are mainly linoleic

N

ncrease in the absorption

no chenge in the value at

234mp for linoleic acid would be indicated. A suitable
fraction from ostrich fat was examined in this way i.e.
uging a 21% reagent. The results differed from those

obtained by the standard procedure as shown in Table 7.

Table 7 -~ Isomerisation of 018 polyethenoid acids

Values are % wit. of fraction.

@Glycol

Octadeca~ QOctadeca~ Octadec~
Reagent  trienoiec dienoic enoic Total
% Acid Acid Acid
7% 15,2 5547 27.3 98.2
21 10.6 59.0 34.7 104,3

These discrepancies suggest that the fraction does not

consist only of the all cis forms.

ii) Bromination of a fraction rich in C;g unsaturated acids
TMarkley 1947) showed the presence of linolelc acid (2:4%)

and linolenic acid (97) whilst alkall isomerisation gave
values of 46.4 and 10.8% for octadecadi-and-triencic acids
respectively. The large differences in the values for

linoleic and octadecadienoic acids is probably significent



and casts further doudt on the homogenity of the octadecadien:
oie acid.

However, in the case of flemingo fat, brominetion of a
fraction rich in 018 polyethencid acids indicates the
presence of linoleic acid (42.7%) whilst alkall isomerisation
gives the value 38,37 for octadecadienocic and 2,24 for
octadecatrienoic acid, It has been shown that 1f tlhe amount
of linoclenlec acid is small and the quantities of linocleic
and oleic acids are large, the ether insoluble hexabromo-
stearic acid may not separate from the reaction mixture as

-may have happened in this case. This result seems to imply

_then that the octadecadiencic acid is essentially the all

¢ig isomer.

Unsaturated 034 geids An attempt to prepare dihydroxy

myristic acld from the firaction richest in tetradecenoic acid
gave a very small quantity of a product m.pt. 118-119°C,
Unfortunatecly there was not enough naterial for further
investigation. A dihydroxymyristic acid m.pt. 118-113°C
has been obtadned from o tetradecencic acid present in
teuzu oil (Tsujimcto 1928).° This acld has been shown to
" be 4?5 tetradecenoic acid [cf, me.pts. of 9:10 dihydroxy
myristic acids of 123°C and 81.5°C - Atherton and Meara 1939].
Purther details of acids and derivatives isolated

can be obtained by consulting the appendix.



Digousslion -

The ostrich is reported to be the largest living bird
and belongs to the super order Ratitae - a group of virds
that shows more primitive characteristics (especlally of
the palate) than the pest of the family., All the birds in
thie group are flightless and they are often large with
reduced wings and sternum, long legs and curly feathers.
This association of failure to fliy and primitive condition
of the palate has been used to support the contention thai
these birds have never passed through a flying stage. More
. probably the ratites represent a population that diverged
~ early from the main stock of flying birds.

The flamingo belongs to a different subelase (lleognathae)
and is placed in the same order as the atork and the heron,.
Notwithetanding these large differences in characteristics,
comparison of the fats of thepse two birds and of other birds
show many nimilarities (Table 8). Some seabird fats which
are rather different in composition (Lovern 1938) have not

been ineluded.,
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Table 8 ~ Component Acidg of some Bird Fats (% wt.)

Light 1
Aeid Grey Goose| Emu |Sussex| Ostrich|Flamingo
Hen
(Iodine value) 5741 65.6 | 7845 | 8044 | 65.8
Lauriec 12:% - - - -
‘Myristic 842 0.9 | 1.2 0e9 -
Palmitic 20,73 17.5 | 2440 | 24.8 | 24.8
Stearic 5.6 10.1 | 4.1 5.9 | - 7.7
Arachidic - 0e6 - ' -
Petradecenocic 0.6 0e9 - G.9 -
. | Hexadecenoic 2.5 2.1 6e7 6ol 4,9
| Octadecencic 41,6 | 62.2 | 42.5 | 39.8 | 53.4
| 0ctadeeadienoic 646 5.2 | 20.8 | 17.1 Tol
Octadecatrienoic - - - 348 Ce2
Unsaturated Cp,_sp 2,3 | 0.5 | 0.7 03| 1.9

The values for the grey goose and the emu are recorded by
Hilditch §ime end Maddison (1942) and for the light Sussex
" hen by Hilditch, Jones and Rhead (1934).
In several rcspects the figuree for grey goose are
rather anomalous snd as Hilditch, Sime and Maddison (1942)
point out this may be dve to the presencé of coconut oil

in the dlet, and consequently these figures are neglected
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in meking any generalisations. Further, the values for

the emu do not fit very well into a general scheme,

although this bixd is relsted to the ostrich being a

member of the Ratitae. The three analyses of the hen,
ostrich and flamingo however agree surprisingly well and

the following generalisations can be made:~

1) Saturated acids account for 29-3%2% of the total -

a figure which is remarkably constant in the four analyses
for the emu, hen, ostricn and flamingo in view of their
different I.V.'s.

2) The content of palmitic acid is also constant at about
. 24-25% (except in the case of the emg) and is slightly below
the value of 3053% (mol.) said to be characterietic of
higher land animals (Banks end Hilditch 1931; Hilditch and
Longenecker 1937).

3) The lower values for stearic acid parallel those noted
for reptiles, amphibians and rodents and are in marked
contrast to the greater values of many land animals. The
results for the emu are again anomalous.

~4) Unsaturated C. acids attain a value (4-7%) which recurs
frequently in bird and rodent fats.

5) Unsaturated C;g4 acids are also surprisingly constant and
once again with the exception of the emu, comprise about

62% of the total acids of bird fats. Furthermore the

unsaturation of these Tats seem to be largely controlled by
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the relative amounts of the various 018 unsagturated acids,
en increase in I.V. being accompanied by an increase in
polyethencid acids and a decrcase in the oleic acid content,
Thus, the low I.V. flamingo fat contains a considerable
guantity of oleic acid and the higher I.V. ostrich fat less
oleic acid and more polyethenocid acids. The intermediate
1.V, hen fat also supports this contention. Winter and Hunn
(1953) have reported similar observations in the G,y acids
of seal oils.
6) There are small but definite amounis of Cpy oo
unsaturated acids present in each case, contrasting with the
8lightly higher values recorded for amphibians and reptiles
(cf. Table 6).

A further more general discussion of bird fats is

given in the oonclusion o Part I of thie study.
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Analyses of Rabbit, Mouse and Porcupine Pats

;ntroduction

The detailed study of the component acids of rodent
depoﬁ fates is almost entirely mnfined to those of one
species - the white rat which is employed extensively in
the biological evalusjion of vitamins A and D. This
circumstanee accounts for the comparatively large amount
of work which has been carried out on the fats of thie
animal , particularly concerning the effect of diet on the
composition of the depot fat (see Hilditeh 1947e).

However two analyses of rabbit fat (Shorland 1953: C(Clément
and Meara 1951) and one of guinea pig fat (Baldwin and
Longenecker 1944) provide further data for a survey of the
fats of rodents., A few investigations of rabbit fat had
beén completed before these detailed analyses, and zlthough
only the I.V. and other constants were recorded, the figures
obtained were interesting in that they show a considerable
difference in unsaturation between the fais obtained from
the wild and tame animals. All the avallable date are

eollected in Table 9.



Table 9 -~ Unsaturation of Wild and fame Rabbits

Wild Rabbit Tame Rabbit

I.V. {bserver I.V, haerver

99.8 | Anmthor and Zink (1897)| 72.3 | Clement and Meara (1951)

149.6 Shorland (1953) 66e3 w " w "
124 Vickery ~ as reported | 67.6 | Amthor and Zink (1897)
by Hilditch 1947f. 7649 | Present work

Mouse and porcupine fats do not appear to have been
‘examined previously.

Origln and Preparation of the Fats

The rabbit fot came #rom the abdomen of a medium size

albino rex female rabbit (Lepus cuniculus) whose diet

consigsted mainly of bran, dried grass and similar vegetable
material (although sbout 8% of linseed cake was inecluded).
The sample of mouse fat came from the abdominal deposits
of about 80 amimals of both sexes of a strain selected for

large size (Mus musculus), The diet consisted of a

variant of the Aberdeen Rat Caske (containing 5% white fish
meal and 1% cod liver oil). The porcupine fat was
procured from the kidney, lungs, heart, spleen and stomach

wall of a female crested vorcupine (llystrix cristata)

which had been living in lianchester Zoo. The fats were

treated and extracted in the usual way. It was found
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that some of the fats deteriorated on standing; this was
particularly noticeable in the case of the rsbbit fat -
the original I.V. of the fat on extraction was 89.2.
Nevertheless it was felt that an analysis would still give
figures of considerable comparative value.

The characteristics of the fats from these animals,
together with the analytical results and derivatives isclated
are given in the appendix (pagelOl).

Discussion

The animals commonly known as rodents are certainly the
‘most successful of modern mammals - they live in all partis
.0f the world and nearly three thousand species are known,
as many as in all the other mammalian orders put together.
In spite of the similarities of all animalé with gnawing
teeth, zoologlsts consider that the rabbits and hares are
not very closely related to the others and are therefore
placed in a distinct order, Lagomorphia (Duplicidentata),
the order Rodentia being retained for all other 'rodents'.

The two orders are placed together in an isolated cohort

Glires.
The order Rodentia is further subdivided into three

sub-orders one of which (Myomorpha) includes the femily
Muridae which is comprised of rats and mice and another

sub-order (Hystricomorpha) contains the family Hystricidae
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which includes the porcupine and the Caviidae which embraces
the guinea pig. Thus, it is evident that zoologleally,
the rabbit must be considered as somewhat different from
other 'rodents', being in a different order, and that mice
and rates are in a different sub order from the porcupine
and guinea pig.

However these goological differences are not maniffested

in the fat analyses as reference to Table 10 will show.



Table 10 - Component Acide of Rebbit and Rodent Fats (4 wte)

- ~CATYE
Rat” yfg Rabbit
Porcu-
Acid Mouse pine
male female () (1i) (1) (41) (iii)(iv) ‘
(Iodine
Value) - ~ |T2e3 6643 14906 T6.G| = -
Lauric - - - lel| 0ed 2.4 = - - -
&Yristic 106 1.8| 3.7 5.3| 5.5 5.8 1.6 2.6| 0u2| 5.2
Palmitic [P1e6 24.4122,7 19.4 (30,5 29.0 22,1 25,1|26.7| 3643
Stearic 3;6 3.6 703 597 50{} 4,0 604 506 2.6 1.1.07
Arachidic | 2,0 0.8 - - - - 0.8 0.4 - -
Tetradec~ ~ ~ ' - .
en()ic - \‘03 004 O.b - 1;5 0.4 202 ..2...5
exadec— : & =4
Men@i@ 401 4’08 107 201 504 6.6 404 600 )o6 .)06
exadecad- - - - “ , - - - | a.5
iencic - Geb 043 Deb
O made™ 149 4443 [34.2 3642 [31.9 36.7 12.7 26.5|35.8 [27.1
Octadecad— . " c 2 £
iQnOiQ 1500 1806 1004 18.8 1603 11.8 7.9 26.0 26.2 159‘3
ODectadeca~ ~
trienOiQ - - L.O 1‘2 3.1 2.0 4204 5.6 1.9 005
Ca0-22 202 1ed| 906 9ud | Led 149 1e3 = | 1.0| -
acids
" # % mol.
Referencess Rat (Longenecker 1939)

Guinea Pig (Baldwin and Longenecker 1944)

Rabbit (i) end (ii) (Clément and Meara 1951)

Rabbit (iii) (Shorland 1953)

The other results are from the present work.
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The analysis.of the guinea pig fat was carried cut on two
groupe of animals which had been fed known diete (containing
28.6% butterfat) on a paired feeding experiment for several
weeks‘before death. The first group had received only
& scorbutogemic diet and were in the last stages of scurvy
at the time of death. The other group were allowed to
consume no more of the diet than their paired fellows in
in the first group, but the diet of the second was
supplemented with ascorbic acid. Ko indications of
sourvy were prosent in the latter animsls but the first
stages of inanation had become apparent. These results for
the guinea pig should thus be treated with caution as the
diet containing butterfat, and the inasnation of the animals
might have led to some differences in the fatiy acid
composition e.g. & decrease in the palmitic acid content
(ef. Holmberg 1954).

Nevertheless the following points are worthy of notes-
1) The analysis of the porcupine fat shows a very unusual
proportion of saturated acids (5%%) and its high content of
palmitiec acid is also exceptional.
2) ©Nearly all these animals sho. a figure for hexadecenoie
acid of about 4~7# - a guantity which seems to be
cheracteristic of bird and rodent fate (cf. page 4V ) and
compares with the slightly higher values observed in reptiles

end the still higher values of the marine species.
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3) The content of palmitic acid is on aversge slightly below
that characteristic of the larger land snimals (i.e.

30237 mol.), although two of the rabbit snalyses are within
this range, and the porcupine fat is outwith the upper limit
of 33%. |

4) The contents of stearic acid are psrallel to those noted
for the birds and the reptiles and are in marked contrast

to the 'stearic-rich ‘fat of the'higher' animals.

5) In comparing the results for the rabbi% fats, the present
values seem to be intermediate between those obtained for

the wild rabbit by Shorland (1953) and those of the
chinchilla rabbit by Clément and ileara (1951). The
unsaturated 618 acids are present in greater quantities and
are more highly unsaturated in the fat of the wild rabbit

at the expense c¢f the saturated azcids (the contents of the
other unsaturated zcids being much the same)., The

unusually high guantity of linolenic acld observed in the

fat of the wild rabbit seemed to be due to the diet of

" pasture grass - the fat of which conteins a high quantity of
linolenie acid. This suggests that the depot fats of rodents
are considerably effected by their diet. It is interesting
$0 note that o horse fed on the same pasture did not show
quite such a high quantity of linolenic acid in its fat,
although this was greater than when fed on cther diets
(Shorland 1953). Thus the diet of the rabbit giving the



most saturated fat (the chinchilla rabbit) consisted of
rat cake of low fat content (5.65%) whilst the rabbit in
this case was fed on a diet containing much more fat
(including 8% linseed ceke) and gives accordingly a more
ungaturated fat with a higher content of linoleic and
linolenic sacidsg, The different palmitie acid contents
of the rabbit fats also support the contention that the
more unsaturated fats contain wmoie ingested unsaturated
aclids, since it is natursgl that the proportions of
palmitie acid should be reduced when more unsaturated

fats containing less nalmitic acid are deposited in the
depots. These facts probably explain the discrepancies
apparent in Table 9 in the fats of wild snd bame rabbits -
the animal in its aatural state conswming exogenous fat
of a higher unsaturation. It appears possible then that
the results for the chinchilla reébbit are those most
representative of the essential Tat of the animal snd these
indeed seem to fit better into the general scheme, in whiech
it is postulated that the fats of rodents are similar to
those of birds in being intermediate btween the fats of
land and marine animals, but are closer to the land animal

type of fat than that of the amrhibian and reptile class.
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Analvais of Antelopne Fat

Introduction

The antelope belongs to the group of animals known as
runinsnts. These animale possess g digestive system which
enables them to convert the cellulose in their food into
organic acids which are absorbed in the cirazlation,
presumably forming depot fat. Antelope fat does not
appear to have heen examined previously, although there
have been anaslyses of some of the related animals including
a relatively lzrge number on the more common animals of
this group, such as pigs, sheep and cattle (see Table 11).

OQrigin and Preparation of the Fat

This sample of fat was obiained from the abdomen of a

Harnessed antelope (Pragelophus scriptus), which had been

kept in ecaptivity in Edinburgh Zoo. The animal was
reported to have been fed on g diet of maize, green vegetables
and carrots, death being caused by congestion of the lungs.
The fat was trecated and extracted in the usual way giving a
pale yellowish brown semi-solid fat S.E. 281.0, I.V. 83.6
and F.F.A. (as oleic) 10.3, The fat had rather an
objectionable odour probably due to the relatively high
content of free fatty acid.

| The analysis was carried out in the usual vay, the

results and list of acids and derivatives separated being
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recorded In the Appendiix (pagells),

Cne of the A fractions richest in octadecenoic acid
wes cxemined by means of infra red spectroscopy to ascertain
the amount of iransg acids present in the sample (Knight,
Heether, Shreve and Swern 1950). On meesuring the
abeorption at 10.36p it was found that negligible guantities
(if uny) of irans acids were present (for significance of
these results see discussion beliow).

Digcussiofi

The antelopes belong to the family Antilocapridae:
other families in this group of the Ruminsntia include the
Cervidae (deer) and the Bovidae (sheep, cattle and goats):
closely associated with the ruminents are the Suiformes
(pige @nd hippopotamii) =nd the Tylonoda (camels).

It hae been suggested that the composition of the depot
fats of ruminants is not effected by the dietary fat to any
considerable extent (Shorland 195%). Thus the main dietary
fatty acid constituent of pasture fed arnimals - linolenic
acid, although present in the fats of non-ruminants (Cege
rabbit end horse) in appreciable quantity, appears only in
traces in the depot fats of ruminants. It has been rostulated
that this can be attridbuted to modification of the dietary
fat in the rumen. Indeed recent work (Johns, Shorland and
Weenink 1955) has shown that the rumen functions as a

powerful hydrogerating medium and linolenic, linoleic and
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oleic acide are readily converted to the nono-ene and
the fully @aturated stearic acid. It hes zlso been
demonstrated that fthe fats of pastvre fed ruminants contain

trans acids (Harimsn, Shorland and McDonald 1954). It is

~well known that the hydrogenstion of unsaturated fatty acids

is acecompanied by the formation of irans isomers, and 1t was
therefore suggested by Hartman et al.that this process is
responsible for their formation in ruminants. This specimen
of entelope fat however does not appear to contain
detectable quantities of irans acids. This fact also

accords with the gencral observation that antelope fat

_geems 0 be considerably different in the quantitative

distribution of the fatty acids from other ruminants and
related animsls (see Table 11),
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fable 11 - Depot Pats of Ruminants and Related Animals (/ wt.)

Acid (i?ee?ii)Sheep Ox|Camel| Pig|Hippo|mtelpe
Myristic 4.4| 5.2 4.8] 3.0| 6.3 | 1.3| 2.3 o.8
Palnitic 2361|359 | 25,0(29,2(28.86 |28.3 | 27.1| 20.6
Stearic 354412946 | p2,2(01,0(27,4 [11.9] 22.2| 3.8
Arachidic 1e5] 209 | 0,7 0e4[72.6 | = | 1.1| 0.4
Tetradecenoic 0.5( 0.2 | 0,5 Ceb | 0.5 - Dok Ovd
Hexadecenoic 2481 242 | 1,T| 247 342 | 2.7 262 8.7
Octadecenoic - 252170 | 44,2 41.1 [26.4 [47.5 | 39.3 | 40.4
Octadecadienoic | 2.6| 1.2 = | LB 169 | 6.0 | 3.5] 1942
Octadecatriencic| 2.5 | 1.0 - - i0.9 - 151 367
Coppo 2cids - | 481 0.9 02130 | 2,0 04| -

References: Deer (i) ard camel (Cunstone ard Paton 1953%z)
Deer (ii) and sheep (Shorland 1953)
Ox (Hilditéh and Longenecker 1937)
Pig (Hilditeh, Lea and Pedelty 1939)
Hippopotamus (Barker and Hilditch 1950)
Antelope (present work).



L

In table 11 i+ will be seen that with the excestion of
antelope fat, all the resvlts are consgidersbly different
from éhose obtained so far in this study. This is so
particularly in the content of stearic acid. Palmitic acid
is, in general, within the ranze of 30=3% (mol.) charscteristic
of 1land animals. The sample of aentelope fat in addition to
its very low content of stesric acid, does not come unear
this characteristic figure, Parthermore it is evident that
the content of hexadecenoic acid is surprisingly constant at
gbout 2-3% « a value a little lower than has been found

in the fats of repfiles, birds and rodents. (e¢f. page 47 ).
Here again, the contents of hexadecenoic acid in the
antelope fat does not agree with this observation, =nd in
faet this fat, but for the agbsence of Cp, o, unsaturated
acids apnroaches thaet &f a typical rejtile. There are a
few other cases of animal fats from higher land animals COliw
taining similar guantities of stearic and hexadecenoi:c acids
6.g. badger (Gupta, Hilditch and heara 1950), giant panda
and Ceylon beer (Ililditch, Sime and Maddisor 1942).

Holmberg (1954) pointed out that in starving snimale an
increase in the amount of hexadecenoix acid and a decreasge in
the palmitic scid content was apparent. Ag this specimen
" of antelope fat shows sn unususlly low proportion of palmitic
acid and a high content of hexadecenoic acid, it may be

that starvation caused the anomaslous results (no information
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was svailable from the zoological anthorities on this
conjecture). Nevertheless it ie clear by the absence of
frang acide and the very low cuantities of stearic acid
thet the mechanism as proposed bty Shorland and co-workers
(loc. cit.) Pfor ruminants does not functiion in this case.
This may be because the diet of the éntelope in thia
ingtance did not contain z fat which 1s as highly
unsaturated ae in ite natural environment. (iees the
animal was not pasture fed). Kowever; clarification of
these dlscrepancies awalts further analyses of the fats

of amimals in this group.




- Anelveis of Sea Lion 0il

Introduction

The sea lions (Otariidae), walruses (Odobenidae) =md
geals (Phocidae) have becowe & lerge merine order of the
carnivores (Pinnipediz)., The fats of members of this order
have been examined relatively well and in perticular
extenslve analyses liave been carried out on the various
species of seals. Theee analyses ave noted for the
unexpected variations in the ecompositions of the fats
(Burke and Jasperson 1944; FEilditch and Pathak 1947, 1949;
Winter and Nuan 1950, 19533 Cardin and Yeara 1953%), Several
less detalled anzlycses have been carried out (e.g. Ljubsrsky
1888; Ganeel, 1926; Bauer snd Keth 1926; Williams and
Mekhrov 19%5; Dugal 1953),

This analysis is the only one that has been carried out
on the oil from a sea lion,

Origin and Preparation of the 0il

The sample of 0il was obtained from a male animal
(Qtaria gillespii) aged about 15 months whioh had been in
captivity in Calderpark Zoo (Glasgow) for about 2 months.
The fat was extracted in the usual way giving an oil
I.¥. 1731, S.E. 288.3, F.F.d. (as oleic) 2.7,

The analysis was carried out by the usual method

giving results as shown in the appendix (page 12V ).



he Unsatursied Aclis of Sea Lioa (il

As will be seen oun perusal of the resuits, the
ungetureted 2eids have merely been recorded with their
mesn unsaturatious. ¥o further chemicgl investigation
into the nature of the acids present in the oll was
undertaken, siance most of the fractions consisted of
complex mixtures. I'he wean unsaturation of the various
groups of aclide were delermined by a simple mathematical
method ~ a variant of the graphical method (see Hilditch
19474).

However, interesting inforustion was obtained by
wmaking use of iscmerisaticn with a 21% solution of
potassium hydroxide in ethylene glycol at 180°C for 15
minutes (Herb and Riemenschuneider 1952). (n measuring

the U.V. avsorption spectra of the isomerised fractions,

the presence of at least pentaethenoid acids was indicated

-y

by absorption maxinma at 233, 270, 282, 304, 317, 332 and 348

mp as shown in Figure 2 (cf. Herhb, Witnauer, and
Riemenschneider 1951).

This is true of fractions which are postulated to
contain 020 acids (e.ges fraction C11l) as well as these

containing C,, acida (¢ege fraction Cl7). The

occurrence of highly unsaturated 620-22 acida of this nature

is a characteristic feature of most marine oils.




IGURE ULTRA VIOLET ABSORPTION SPECTRA OR
ISOMBRTSBO SLA LION o071 FRACTIONS

Reading



Heapurelent of the UWV. absorption afier alksli
isomerisation of = fraction postulated to contain 018 esters
only (S.E.'291.1) ghowed a cousiderable absorption at 300
and 315mp. (By., of 117.8 &nd 106.9 respectively)
suggesting\tha presence of tetraethencid acids (cf. Herd
and Riemenschneider 1852). Similar measurement of &
frection consisting of Cyg csters (S.U. 264.4) showed
absorption maxima at 00 znd Y1T-p having 1/, of 64,3
and 555 respectively, also implying that tetraethenoid
acids are prescnt. These facte signify the existernce of
018 end C16 tetraene gcids in this cil,

A conjugated 318 tetrzene acid has been found in certain
seed oils (parinaric zcid) and meacurezent of the U.V.
absorption shows sizilar maxina tc the above (Ksufmann,
Baltes, Volbert and Brockhaus:n 1950). Howsver since
the U,V. of the unigomerised acids of the oil showed no
appreciable absorption the presence of this aecid as such
is ruled out, although the isomerised acids may be very
similar to it. From Japenesge sardine oil Toyama and
Tsuchiya (1935) obtained cctadsca~4:8:12:15-tetraencic acid
{(moroctic agid), which has slso been found in bonito oil
{(Matsuda 1942), On the other haand, it is very doubtful
if an acid of this constitution would exhibii tetraene
~absorption after alkall isomerisation under the sitandard

conditions, since three of the double bonds are separated
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by two melnyiene groups lef. Former 1942; Toyama and
Yamahato 155%al.  An intceresiing 0, tetrzere scid has

been found in the fregh water olgae Chlorelly pyrenoidoss

and 1% has provisionally been given the structure
octadeca~619:12:15~tetraenoic acid (Paschke und Wheeler
1954). This acid oxhibited U,V. szbsorpiion mexima at
234, 268 and 315 mu and it seems likely therefore thal the
618 tetraene acid present in thi:c sgmple of see lion oil
will be similar to this ucid, although it must be borne in
mind that the observation of the tetraene might poseibly
be due to the presence of small guaniities of = 020
tetraene acid which have distilled over early in the ester
fractionation, A 04 tetraene acid has been found in the

depot fat of a frog (Runa tigring), but no information is

aveilable about its structure. (¥r2lksr, Pholfikar and
Bhide 1946),

A similar situation is apperent as regards a
hexadecateiraencic acid - sardine oil contains &
hexadeca~4:8:11:14~tetraenci¢ acid (Tutiya 1940, oy ane and
Yaniahato 1953b) and the fresh water zlgse Chlorella pyrenoidoss

contains a 4, 7, 10, 13 (all cis) C;, tetraenoic acid. Since
there is no sprreciesble U.V, abscrption before lsomerisation
it appears likely that the Cyg¢ tetreene acid present in

pea lion 0il is similar to that preseant in the algae.
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These surmises seem all the more likely when it is recalled
that the diet of a sea lion consists entirely of fish and
that it has been suggested (Paschke and Wheeler 1954) that
the fat of fishes follows that of the predcominant algue of
“their environment, and al though the algae Chlorella
pyrenoidosa is a fresh water type it is possible the 616
acida of the marine itype will have a similar structure.
Di scussion

When the range of fatty scid distribution in the variocus
specimens of blubber fat of seals is compared with that
obtained in this case (see Table 12) it is evident that
there is a broad similarity between all the seal blubber fats.
Somewhat larger amounts of C,. unsaturated acids are present
in the blubber fats of the common seal and crabeater seal,
but since a large variation in the C,¢ unsaturated acids
has been found in various asnimals of the same species
(elephant seal) it is doubtful whether these greater amounts
of 615 aeids can be considered as a specific feature of

these species.
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fable 12 - Composition of Blubber

Fats of Various Seals

(% mc:l.)

Elephant Grey ﬁeopara

Acid Seal Seal Seal

Laurie 0-0,4 - -

Myristie 1l.,1-6,3 4,6 4.9

Palmitie 8.2"1400 11.5 801

Stearie 2e1=4,6 2.0 )

Arachidie 0-0,9 - 042

Unsaturatad'el4 0e6=2,3 2.1 2.6
» (=2,0H) (-2.0H) [(~2,0H)

Unsaturated 016 Be2«~17.8 17.2 14.1
(*2 0 to "‘223) (-2.2}1) (~2alH)

Unsaturated 01852.9-44.@ 3069 A 4242
(=241 to =2,7H) | (=2.7H) | (=2.2H)

Unsaturated C,,f11,7-25.3 15.2 15,8~
02,8 %0 =6.78H) | (=5.711) | (=4.6H)

Unsaturated 922 509‘"1302‘ 1505 1005
(4.9 to 10.8H)| (-10.6H)| (~9,4H)

Unsaturated C,, 0 - 3,1 . 1.0
24 (=2.0 to =3,0m) (-1l.0H)] =

With the exception of the present
values are as tabulated by Winter

results, these

and Nunn (1953%),



Crabeater

Neﬁfougdu Common Sea lion
lavid seal seal seal
trace - - -
6.6 - 2e7=249 5.7 469
11.7 11-1"11.4 lch 13.8
1.3 2e4--443 1.6 2.7
0.5 0.3 - -
202 207""306 3‘9 205
(-2,0H) | (~2.0H) (=2.0H) (-2,0H)
11.6 22,7-27.8 21.5 13.4
(-2.14) (~2.1H) (=243H) (=244H)
39,5 3%e2=33,7 3040 3047
(=24 4H) (=2.4 to -2,7H)| (=3.2H) (=2.61)
16,0 1244=15.6 1745 %i 6
(=5.6H) | (=5.9 to =7.2H)| (~7.9H) (=74 5H)
9.0 10.3+12,2 849 10.4
(~9,.3H) (=11.0H) (~10.8H) (~10.7H)
1.6 ' -

(-10.9H)

-




It can be seen that 211 the anslyses of seal oile show a
similarity in their small quantities of saturated acids,
coupled with the large quantities of highly unsaturated
Copupp 8cids - a characteristic feature of all marine fats
(ef, Hilditch 1947g). Analyses of camnivores has so far shows
that their body fot composition is governed to a large
extent by their diet (Gunstone 1955b). That thies is not
entirely the case for seals is shown by the work of Winter
and Nunn (1950) who demonsirated for example that in spite
?f the large differences in composition between seals of the
same specles that the blubber 0il of & Macquarie Island
mature male elephant ssal did not differ greatly from the
blubber oil of a Heard Island mzture male leopard seal,
although this specimen is recognised to feed on & more
elaborate diet than the elephant seals. Cardin and

Meara (1953) in a study of the liplde of the grey Atlantic
seal concluded that from the time the seals receive a
natural marine diet (after suckling), the content of

- saturated acids, in particular of palmitic acid, decreases
at the expense of Cop_pp unsaturated acids, making the I.V.
a function of the age of the animal. This sample of

ses lion oil is interesting in the fact that it is the most
unsaturated so far examined, and while it is difficult

to make any generslisations in the sbsence of data on other



animals of this species, it should be noted that the
saturated acids form about 217% of the total acids, in
comparison to an average value of about 18% for other sesgls.
This difference is counterbalanced by an inecrease in the
unsaturation of the CQQ acids, a fact which is further
indicated below. This does not altogather accord with
Cardin and Meara's postulate that the satursted acids
decrease with increase in I.V. On the other hand, Winter
and Nunn (1953) observed that the lower I.V., fats have

a relatively low conient of salurated acids (15%) compared
with the more highly unsaturated fate which contain up to
22¢% of saturated acids. These authors also discussed the
saturation and desaturation processes occurring in seal 0il
end they note that major variations are to be found wainly
in the group of acids having a chain length of C,, or more
and the unsaturation value of the 818 acid groups remain
substantially constant. (The ‘'unsaturation value' is
defined as the product of the moliar percentages of the

fatty acid group and its mean unsaturation divided by 200 -
thus representing the number of double bonds couniributed

to0 one average molecule of fat by each group of fatty acids).
Based on their 16 analysecs of elephant seal cll Winter and
Nunn (195%) have compiled limits for the unsaturation values
of the various acids a®s they occur in the oii. These
limits and the unsaturation values for the present sample of

seg lion oil are shown in Table 1%,
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Table 13 - Unsaturation Values of Sepl 0ils

Unsatn.
Chain Length | Unsaturation Value | Values of

Limite Sea lion oil

c14 0.01 - 0.02 0.02
16 0.08 = 0419 0.16
Cia 0438 - 0.48 0.40
Cog 0426 = 0462 0.81
Cop 0.30 = C463 0455
Coy 0.01 - 0.06 -

It is noteworthy that the unsaturation values of the sea
lion oil fall within the prescribed limits, with the
exception of the 620 acids which seem to be more

unsaturated than any so far encountered in this group of
animals. Unforitunately, no further investigation of these
aeidu was oarried out as the present methods ol investigating

yelyethanoid acids are not very satisfactory (cf. Part II).




General Conelusions and Discussion

I As has been already indicated (page 2) this study of
animal fates is a continustion of work commenced in this
laboratory in 18950, and it is convenient at this stage

to pess comment on the analytiéal procedures as they have
been evolved in these years.

a) It is an importent aspect of this work to provide an
efficient means of storing the fats, ag it is not always
conveniernt to carry out analyses of the fats as they become
available, since it is nececsary to concenirate on work of
8 parallel nature to improve these analyses (e.g. Part Il).
In practice, the fets were extrected immediately they were
available and ther stored in a sealed condainer in a
refrigerator at -4°C until ready for anslysis. In some
éasea a period of two years had passed before an examination
was begur, and it was found thai this means of storage was
effective in @yeveﬁting serious deterioration excent in the
case of esome of the more unsaturated fats. The degree

of deterioration wes measured by naeting the drop in the
1.V, of the fat from that determined on the freshly
extracted fat to that just before the analysis was
commenced, 1% was found that the degree of deterioration
was very small in the case of fats of I.V. 80 or less but

in some of the more highly unsaturated fate it was quite
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marked. Thaés, a sample of monitor fat of I.V. 108,0

on extraction showed an I.V. of 81.0 after storage and
accordingly no attempt at an analysis was made. The
specimen of rabbit fat also appeared to have deteriorated

@ little; nevertheless an analysle was carried out as usual
end it wae found, as in other similar cases that any
products of deterioration (probably acidic fission products)
appeared in the first few fractions of ¢ Fraction

repulting in & very 1low S.E. (e.ge S.E. of Rabbit Cl was
199.4). However, assumptions can be made regarding the
compositione of these fractions using the I.V, and S.E.
values of the later ester fractions which still seem to

give results of fair accuracy.

b) In the »rocedure of fractional crystallisation a schenme
w8 adopted which gave good separations of the fractions
according to their I.V.'s. Thus by reecrystallisation at
-60°C and then at -20°C from =ethyl alecohol, a fair
separation into polyethenoid, monoethenoid and saturated
fractions was achieved. However in some fats in which
there was only a small proportion of polyethencid acids, thias
procedure while giving excellent separations led to very
smell C fractions. (eege Filamingo: 8.9gm.). The
resulting distillation of the methyl esters was thus not

go satisfactory and fractions of about lgm. had to be
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collected. Nevertheless using a modification of the
macro method for determination of S,E.'s fairly consistent
results were achieved. It will thus be evident that in
these cases where the polyethensid content is low (generally
low I.V. fats) e compromise must be achieved between an
efficient separation of the polyethenoid fraction and the
size of the fraction (assuming a limited quantity of fat
is available). 'This suggests that a better analysis
would be obtained in these cases by carrying out the first
crystallisation at higher temperatures e.g. -40°C instead
of -60°C (cf. Brown and Kolb 1955).
e) It is apparent that in the analyses which indicate
emall quantities of unsaturated ﬁ?O scids being present,
the evidence for these is derived from the S.E. of the
residual fractions coupled with a determination of the
unsaponifiable material. As an accurate determination of
the S.E. of the highly coloured residus is rather difficult
and together with the rather arbitrery extiraction of the
unsgponifiable matter, it seems reasonable to express doubts
about the presence of these acids.

Other acids about which there is a certain uncertainty
are the C,. polyethenoid acids. Thus, in the ostrich
anslysis, spectral evidence indicated the existence of a

diethenoid acid, whilst bromination of the relevant fraction



implied the presence of a triethenoid acid. This might be
due to the occurrence of an acid which has three double
bonds, only two of which are conjugable. However, further
clarification of this and related problems swaits the
development of methods of examining the mcre unsatursted
acids (see Parf IIj.

One method of examining unsaturated acids which has
become an invaluable tool in recent years is that based on
measurement of the U.V, absorptian after alkali isomerisation
(see Herb 1955). Further standardisation of the methods |
using a 21% solution of potassium hydroxide in ethylene ;
glycol (cf. analysis of seal oil) should throw some light %
on the structure of the Gy, o, unsaturated acids characﬁeriatié
of fish oils. It was noted however in this method that
there appeared to be some difficulties in measuring the UV,
absorption because of the depodition of silica caused by the
action of the ztrong alkaline solution on glass.

II. 1In 1936, dilditch and Lovem remarked that the lower
forms of life such as fishes depnsit fats which are
exceedingly complex in their structure, cmntaining as well
as 914, 016 and C,g saturated acids o wide range of
unsaturated acids of the 014, 016’ clB' 020 and 622 series.
This compares with the fate of the more highly evolved land

animals which generally contain as major components only
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three aciés viz. pelmitic, stearic and eleie acids.

As more anslyses became avallable it was apparent that
there was a class of animals in which the fatty acids

were intermediate in character between the two groups.

This class of animals also occupied an intermediate
position in the evolutionary pattern i.e. the amphibians,
reptiles and birds, The analyses completed in respect

of this work agree with this contention and comparison

with the general scheme of evolution (e¢f. Young 1950)

does indeed show a progressive simplification as the

animals become more developed (see Table 14). It will

be seen from the table that the absence of Cyn_,, acids

and the relatively smallvproportions of 016 unsgturated
‘aelds, coupled with increased quantities of palmitic end
stearie acids appear to be characteristic of the ‘higher!
animale, the amphibians, reptiles, rodents and birds holding
en intermediate position as regards the proportions of these

acids.
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Table 14 - Comzonent Fatty Acids of Animal Dezot Fats (% wt.)

( ( ‘ " =Y
Class |Animel Caturated Acldg i Unsaturated Acids
C14] “16 |%18 | Y15| Ci8 | C20 Co2
~|Freshwater] 3~5|13%-19|0~4 [¢.20|38=45]|1%=15 0~8
Fish '
Marine %8 |11=19| 0=4 5=15 (18-30|18=30 827
Amphi
biaﬁ Frog 4 11 3 15 52 15 ,;3
Tortoise 1 14 4 9 65 T §
§!
Reptile Python 1 20 |11 4 58 4 QT
&
roecodile | 4 24 3 115 40 T 4 §
£
Dstrich ) 25 | 6 7 61 - b
Bird R
Flomingo - 25 | 8 5 61 2 g
~
lfouse 0e2| 27 | 3 6 64 1 3
Rodent
Rabbit 2 25 | 6 5 58 - Y
Porcupine 5 36 112 4 41 -
Antelope gl 21 | 4 9 63 -
Rumin.- ]
ant Deer 4 25 |35 3 30 -
Sheep 5 25 |22 2 44 -

If the references to these analyses have not been alrecady

indicated they will be found in Hilditch (1947). Some

animal fats do not fit closely into this scheme e.g. it was
found (Gupta, Hilditch and Meara 1950) that badger fat

contained almost 15% of unsaturated 620 gcids and cf the



fats analysed in this series, the antelope seemns rather
anomalous in its low content of saturated acids end high
content of 016 and C18 wnsaturated acids,

It should be noted at this point, that with the
exception of the dolphin family, whose fats contain
considerable quantities of ise-valeric acid, animal fats
do not seem to ccriain as msjor components such characteristic
ucids es those of the vegetsble fats e.g. hydroxy, epoxy
and acetylenic acide as found in certain botarical species
{(cfv Part IXI), although branched chain and uneven numbered
fatty acids have been fbuﬁd as minor eomponents ol some
enimal fats (Shorlard 1952, 1953; cf. Hilditch 19%2).

The increasing simplicity in the compesition of fats
a8 onc proceeds from the 'lower' to the 'higher' forms of
life has teen discussed by Shorland (1952, 1953) who
suggests that this gradation is mosily due to the fortuitous
infiluence ol diet. That the diet influences the depot fat
of animaels has been shown by many observers. Thus, rate
fed ou cornm 0il deposit fats containing similar proportions
of fatity acids to those present in the diet (Longenecker
19%9a). This however cannot be said to be true of all
animals or even of the same animals fed on different diets
e.g. it has also been shown that rats fed ca coconut oil
deposit a fat containing considerably less of the lower

saturated acids than are characteristic c¢f coeconut oil.



(Longenecker 1539b). In this caee it must be assumed that
the lower saturated =zcids are preferentially metabolised
by the animel. The gtudy of the formation of fats in the
animel is an extremely complicated one and it would not be
suitable to discuss the present theories of metabolism at
this stage (for a Review, see Shorland 1955),

However, it may be sald that it has been generally
recognised that in the course of evolution there appears o
be discernable changes in the nature of the fat metabolism of
enimsls and Shorland (1953) has attempted to classify three
types of animal:~ '

&) sepecies thet deposit dietary fat only

b) spacies ihat deposit dietary fat and endogeunous fat

¢) species that depocsit endogenocus fat only.

It has heen emyhasised by Sharland that these subdivisions
are not rigid but represent an atiempt to use a hiologleal
rather than an empiricel basis for caleculation. In the
first category he names fish, in the mecond amphiblans,
reptiles and non-~ruminants (which use carbohydrate and
protein to produce endogenous fat); in the third caiegory
are found the fats ¢f the ruminants which have been shown
(Shorland 1953, Thomas, Culbertson and Beard 1934) to have
a fat composition not substantially affected by dietary Tat.
Nevertheless it has been pointed out by Hilditeh (1952) that
many snimal fats at first sight do not appear ito fall

smoothly into the above classification. The analyses



completed in respect of this work furnish an interesting
addition to the available data and provide further comment
on the above classification:

a) Seals have been shown to deposit a marine type of Tat,
but as has been slready menticned (page g2 ) there is
considerable variation within the different seal types. This
variation is not entirely acecounted for by variation in the
diet and is provably due (Cerdin améd Mears 1953) to the
different metabolic Zunctions whinh predominate as the
animal grews (cf. Collow 1935). Thug it is evident that
seals, although derositing a marine fat, do not belong to a
species storing dictary fat only.

b) The snalyses of crocodile fat provide a good illustration
of the effect of diet on Ffat composition. It can be seen
(Table 6) that the fat of the wild animal is much nearer to
the marine type as exemplified by the larger quantities of
616 and 620_22 unsaturated acids. However both types of
fat are similazr in that they contain parallel guantities of
the saturated zcids in contrast to the smaller quantities
of thege acids present in the marine species. An analysie
of another animal which although not a true amphibian has

g8 similar enviromment to that of the crocodile, has been
earried out. ‘'his analysis of hippotamus fat (Barker

and Hilditeh 195C) showed, in contrast to the crocodile fat,
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e very high content of stearic acid (224) and only small
guantities of C;, and C,q 5, unsaturated acids (see Teble 11).
The hippopotamus feeds on the lush vegetation abounding at
the edges of African rivers and Lovern (1936) has obuerved
that the fat derived from flora of this kind contains
substantial amounis of unsaturated C16 and O,y acids
(eezs about 25 and 12% respectively). It is thus possible
that the exogenous fat of both animals i.e. hippopotamus
and crocodile, will be similar in constitution, in contrast
to the different types of fet laid down in the tissues.
These results suggests that the fat of the hi.popotamus
is derived by a different mechanism (perhaps from carbohydrates
aund protein in the diet), and they further show the sitriking
influence of species on fat composition in that the hippopot-
amii are related to the pigs being of the same sub order
Suiformes, It is well established that the pig belonge
fo that group of animals depositing a "stearic-rich®
type of fat (cf. Hilditch 1947h).

The analyses of the bird and rodent fats also conform
fo this intermediate group and on consulting lable 14 the
decreased content of Cqy¢ unsaturated and especlally of the
Coo.op umsaturated acids is noticeable in pggggg%%ng in the

. the
order fishes — »awphibia — > reptiles —>pirde ’

order suggested by zoologists for the evoliutionary process.

& further point may be made at this stage rcgerding the fat



76

composition of the birds. The two sanmples analysed in this
study (i.e. ostrich and flamingo) are very similar in

spite of their different diets. The flamingo is reported
to feed mainly on the blue green algae situaited st the
bottom of ponds and as has already been mentioned (page 59)
these algae are charscterised by their content of highly
ungaturated 016 and 018 acides, which are not evideant in the
depot fat, There is a very great variety in the feeding

of birds and it would be very interestiang and would provide
interesting comment on Shorland's postulate, to obtain
further analyses from other species of birds to ascertain
if this comparstive consistency of composition i: maintained.
Thus, some birds (e.g. thrushes) can eat flesh such as
worms which are reported Yo contain lipids with unusually
high quantities of Cpy_no unsaturated gcids (Lovern 19490)
whereas other birds (e.g. finches) subsist almost entirely
on vegetable matter such as seeds and berries.

The results obitained for the ‘*rodents' - rabbit and
mouse confirm the intermediate characteristics of these fats
although the diet seems to have a greater influence on the
body fat than in other tyses of animal. The result for the
porcupine is rather unusual in its high content of saturated
acids and may be due to a species differentistion in much

the same way s the turtle (Chelone mydas) exhibits unusual

quantities of the lower saturated acids in 1lts fat (Giral

and Giral 1948, Green and Hilditch 1933).
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It may be concluded then, that the fats of amphibians
reptiles and birds are only effected to a limited extent
by their diet and depend mostly on the metabolism characteris~
tic of their species to produce depot Tat, On the other
hand avallable evidence points to the important influence of
diet on the depot fats of rodents, although this does not
explain the anomalous results obtained for the .orcupine fat.
c) The last group postulated by Shorland, consisting of these
gpecies depositing endogenous fat only is typified by the
ruminants in which it is assumed that the crganism loses the
power to deposit fat from the diet, The ruminant whose fat
was examined ip thic study (antelope) has a fat which appears
to be different from any other fat in this graﬁp (see Table 11)
With the exce ticn ¢f the absence of 020~22vun3aturated acids,
the fat appears to be more typical of a reptile. ihe absence
of trans acids also confirms the divergence of this analysis
from that typified as being characteristic of runminants by
Shorland. In fact, hippopotamus fat with its high content
of steeric acid and low content of solyethenoid 318 aclds
(in contrast to its die@, seems to be much more of g typical
ruminant fat, snd indeed belongs to a related family (Suiformes)
The present indications are that there is a group of animals
who depvosit ainly endogenous fat, althoush this does not
seem t0 be characteristic of ruminants. Lovever,further
investigations on the fats of this type of animal must be

made before any dcfinite omnclusions can be drawn.



Summing»up, it would probably be true to say that
in the course of evolution there appears to be gradual
changes in the fat metabolism of animals, and that these
changes are super mposed on the ability of the animsl to
deposit fat from the diet, thus making it a very difficult
task to discern the ultimate pattern, and that any attempt
to make a classification of animal fats at thie stage of
knowledge (cf. Shorlend 1953%) seems rather premature.

It will be readily understood that these problems
are of considerable importance and that the solution to them
awaits the eompletion of anazlyses from animals of a wide
diversity of species, Experience in this work has shown
that the most valuasble results will be achieved from those
shimals in which an adegquate degree of control as regards
diet has been maintained. Hany of the results obtained on
animals would have becn of much greater value if more
information had been available regavrding their diet and state
of health. Ideally, the best results will be obtained on
healthy animals which have lived in their natural environment,
a detailed assessment, houever, of their diet being availeble
- a requirement which will obviously be impossible %to achieve
in the case of many animals. Another point on which
relatively little information is available is as regurds the
cause of seasonal variations in fat composition - thus &

sanple of fat extracted from the turtie Chelone mydas in
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winter was “substantislly different frowm that obtained from
the summer fat (Giral and Giral 1948). In each case the
content of fat in the tissues differed considerably end i
is probable that some factor such as hibernution or perhaps
seasonal varistion of diet may account for these discrepancies
The foregeing will demonstrate the need for further
edequately controlled enslyses in this field before an
effective degree of knowledge can be collected.
I1I. About 40 analyses have now been completed on various
species (excluding marine types) of animals and a perusal
of them shows a distincet variation of composition with
iodine value. With a few exceptions the ‘higher' land
animales have a low I.V. and the intermediate type have an
I.V. between 65 and 90. The resulting difference in
uoﬁposition can thus to a certain extent be reflected by the
I.V. as well as by the species of the animal. Surveying
the whole field and taking each acid group.in turn the
‘follﬂwing points are apparent:- |
i) ©€;, and C,4 acids: In gemeral, the contents of these
Vdcida are small and there does not seem to be any corretation
be tween quantities of these acids and I.V. (or species). The
unsaturﬁted acids are negligible, but myristic acid with a
few excejtions, is present in emall but definite amounts in
most fate and varies from about 1-6% - & good average value

being about 37,



ii) C,g @cids: With a few exceptions (e.g. antelope fat) the
content of palmitic acid remains fairly constant within the
region 24-307% - a good average value being about 274 (wh.)
although it should be pointed out that this generalisation
does not seem to hold for the amphibians and some of the
reptiles where the content tends to be much lower. This
suggested average figure of 274 (wt.) [i.e. 28-29% (mol.)]
compares with the slightly higher range of 30=3%(mol.) put
forward by Hilditch and co-workers [Banks and Hilditech 1931;
Hilditch and Longenecker 1937] for the 'higher' land animals.
The unsaturated QlG acids, which appear to be largely
palmitoleie acid, although present in small amounts show

e definite tendency to decrcase with fall in I.V. Thus,
fats of the 'higher'! land animals with low I.V. generally
contain less palmitoleic acid than the 'lower'! animals

with higher I.V. fats. By plotting a graph of I.V. against
unsaturated 016 acid content (the polyethenoid 016 content
is very small or non-existent) an approximate straight line
relationghip between I.V. and the acid content is evident,
end this can be given by 'Ci¢' = (I.V. x .075)%.

1ii) 618 acidés: As these scids generally comprise over 50%
of the fat it will be clear that a considerable amount of the
saturation and desaturation processes taking place in nstural
fats will occur in these acids. It has been remarked

(Gunstone 195%a) that in herbivorous animal fats as the
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iodine value rises, the content of stearic anid falls and
that of oleic acid rises. In the higher range of iodine
values subétantial amounts of octadecadi- and-triencic

aclds begin to appesar. Thig statement also seems to be
broadly true of all animel fats which have an I.V. of about
90 .or less. In the higher I.V. fats the sppearsnce of
Cop.po unsaturated aclds complicates this pattern. Purther
consideration of the C,g unsaturated acids brings to light
another interesting fact. It is noticeable that on
surveying all the fats that have been anslysed, in relation
to their I.V., that fats of I.V, 35 to about 65 show fairly
spall quantities of polyunsaturated C;q acids (0=6%), the
content of oleic acid being roughly correlated to the
increase in 1.V. However at about I.V. 60-65, the content
of polyunsaturated acids incrcases and the content of oleie
acid although variable tends to fall, This is showvn in
Figure 3 where the I.V. is plotted agalnst the polyunsaturated
acid content (i.e. octedecadi-and triencic acid), The
value of 60~65 for the I.V. at which this change occurs
seems rather significant, and a plausible explanation would
be interesting. e S.B. of an animal fat is to be found
very often in the region of 280; thus considering one
typical glyceride molecule containing two double bonds

[e.ge G(SU,)] its I.V. will be approximately 127 x 4/ 55080" 61

Purther, since most animal fate generally contain about
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30% of C,g-20ids (moetly palmitie) and between 35-657
of 018 acids, according to the even distribution rule
(Hilditch 1949) a typical glyceride molecule of an animal
fat will contain one residue of ;¢ acid (i.e. palmitic acid) ¢
and two of Cyg acids. The above reasoning seems to suggest
that in the degaturation processes occurring in fats, a
stage is reached when most of the glyceride molecules in
the fat will be palmito-diolein i.e., at I.V. 60-65, When
this heppens any increase in I.V. seems to be brought about
by the formation of s polyethenoid residue and not by
degaturation of the palmitic acid residue. This supposition
can be stated in the opprosite way and provides a theory of
fat formation vwhich might be worth further considerations-
Since the I.V,'s of the dietary fats of most animals are
rather higher than their depot fats, this seens to suggest
that there is émme mechanism responsible for the hydrogenation
of the unsaturated acide in the exogenous fat, this being
wmost developed in the higher enimals such as 'ruminants'.
The degree of hydrogenation of this exogenous fat superimposed
on the endogenous fat, produced synthetically from carbo-
hydrate and other smaller units, gives the fat characteristie
of the species,. Thus the fats of reptiles, birds and
especially rodents do not appear to be able to hydrogenate
their dletary fat to any considerable extent, and these

acids coupled with a certair amount of scids formed by



interconversion (sees Shorland 1955) gives the Ffats of L.V.
60~-90 characteristic of these groups of animals. The

more developed animals (or animals with fats of I.V. 65 or less)
show more tendency to hydrogenate their dietary fatty acids.
In animals with fats of I.Y. 65-90, the hydrogenation occurs
mostly in the polyunsaturated acids, thus giving fairly small
guantities of stearic acid., 4t I.V. 65 the fat will concist
mostly of glyceride molecules containing one saturated and two
monounsaturated residues. Purther hydrogenation can then
only be carried out on the monoumsaturated (818) acids, thus
giving an incregse in the stesric acid content (cf. Gunstone
1955a; Hilditch 1947i). It is emphasised that this process
will probably be only one of several complicated reactions,
end in spite of some fats which do not at first sight agree
with this scheme, it offers sz plausible explanation of mcst
of the observed results.

In spite of_thig comp icated pattern for the 018 unsatuy-
ated acids, on plotting a greph of I.V. against unsaturated
918 content an approximate straight line relation was observed,
given by the expression 'Cg' = (35 + I.V.) x 0,54 On
plotting the I.V. against stearic acid content, because of the
phenomencﬁ of selective hydrogenation gbout I.V. 60-65, a
simple straight line correlation was not apvarent. Hovever,
by consideriang fate of I.V. greater than 63 in a separate

category, two expressions were evolved:-
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Por fats of I.V. greater than 63, the stearic acid could be

0

given by the expression cl8 = 15 -« I,V, x ©.125 and for fats of

O = 45 aad }:OVQ .o O.SSQ

I.V., less than 63, by the expression Cig
iv) 020~22 geids: Arachidic acid although present in some
fats is not there in any substantial smount, and‘its presence
does not seem to depend on I.V. - & similar observation can
be made regarding behinie acid which occurs only rarely. The
020”22 unsaturated scids are nearly slwsys present in small
emounts in the fats of inteimediate I.V, and although arachid-
onie acid has been described as an essential acid (ef. Turpein-
en 1938) there have been & few analysis in whieh G5 o5
unsaturated acids have not been detected, As the animal
becomes more marine in chavacter (e.g. an amphibian) then the
content of these acids generally incrcase. However in the
fate under comsideration in this case (i.e. I.V. lese than 90),
the presence of 020_22 unsaturated acids can be neglected,
Using the simple relationshirs derived above (i.e0
0140 = 31 O
(35 + I.V.) x 0.54; Cpg° = 15-I.V. x 0,125 (if L.V, > 63);

O = 275 015" = I.Ve x L0755 'Cig' =

>0180 = 45 - I.¥. x 0.55 (if I.V. < 63), it thus seems
possible to predict the approximate compositions of animal fats
using their I.V.'s only (if these are iess than 90)., In this
way the ccapositioa of the animal fats exanined in this study
were computed using these expressions, aud afier correcting

to 100%; were compared wit: the observed results as in Table

15.
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Table 15 - Approximate Calculatior cf Fat Content (¥ wt.)

from I.V.
Porcupine Flamingo | Rebbit
Acid .

Actusl Lalculated. 4. | C. A. Ceo
(Iodine Value) 50.3 - 65.8 = | 76,9 -
Myristiec 5 3 -3 3 3
Palmitie 36 28 25 |28 25 27
Stearic 12 18 8 |7 5
Unsaturated 316 6% 4 5 5 8 6
Unsaturated Cyg | 41 47 60 |57 |58 |59
Unsaturated C,q - - 2 |- - -

# Includes unsaturated 614'acids

Perusal of this table shows thsat reasonable agreement

prevails except in the case of the saturated acids of

porcupines However, the validity of these conjectures
await the further publication of analyses on animal fats.

ot



Ostrich Crocodile Antelope Mouge
Ayl co | Ao ] co| Ay eo | A .
80,4 | = | 80.5| -~ | 83,6 - | 86.8| =
1 3 3 3 3 3 -1 3
25 |26 |27 |26 | 22 |26 |27 |25
6 | s 5 4 4 4
7 6 g* | 6 9 6
b1 |60 |53 |60 |63 |61 |63 |e1
- |- 4 - - -1 | -







&5

Complete experimental details of all the animal fat snalyses

are glven in this section.

Ae Analysis of Crocodile Fat (See page 23)

Table 16 « Characteristies of Crocodile Fat

Pat HMixed Acids
1.V, SeE. F, A, I.V. SeDle
(as oleic)
C, porosus 80,5 | 278.9 Ged 8349 26744
C, niloticus 93&3 283,2 0.4 9608 27105

Table 17 -~ Fractional Crystallis

ation of Q. porosus Fat.

(corrected weights).

Mixed Acids 20606@&- 1.V, 83,9

20 x MeOH «40°C

Insoluble 126,6gm, I.V, 44,8

10 x MeOH -20°¢

]
Soiuble 80,0gm. I.V. 143.5
(Praction.C)

Insoluble 68.5gm. 1.V. 1043
(Fraction 4)

l

Soluble 58.1gm; I;Vo 85.8
(Fraction B)

i.e.

weilRECERAD) | e8ls

5881 | 80%0

-l% wte. of total 3342

28,1 38.7

L.v, 10.3

85.8 | 143.5
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Details of the-ester distillations and the final calculations

of the results for C. porosus fat are given in Tables l-4

(pages 10 - 22 ).
In addition to the unsaturated acide discussed on page 24
the following saturated acids were identified in C. porosus
fat,

Palmitic acid m.pt. 60-62°C,

Stearic acid m.pt. 66-67°C,
Mixed mepts. with authentiec aamples gave no depression.

Iable 18 ~ Fractionsal Crystallisation of (. niloticus fat

{corrected weights)
Mixed acids 202,6gm. I.V. 96.8

10 x MeOH -45°C
| | I
Ineoluble 100.,2gm. I.V. 39,6 Soluble 102.4gme I.V. 153,1
‘ (Fraetion C)
10 = MeOH -20°C |
Insoluble 62.3 I.V. 9.4  Soluble 37.9gm. I,U. 89.5
(Fraction A) ; (Fraction B)
i.‘,a.
Praction A B c

Weight (.@ﬂi ) | 62.3 379 102.4
% wt. of total 30.8 18.7 50.5
I.V. 9.4 89,5 | 153.1




Table 19 - Distillation of A estere from €. niloticus Tat
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Noo WELENY 1y, 8.E.[0),° 0% 01g° Cpp° Oyt 'Cpg" NeSe
© 1 2.52 2.4 254,3(1.37 1,09 -~ =  0.06 - -

2 2,85 3.2 270.1| = 2,75 = = 010 = -

3 3422 240 27068 =« 3,15 = w  0,07 = -

4 2,87 1.6 270.8| = 2,82 - - 0.05 - -

5 2486 1.7 271.5| = 281 = = 0,05 -

6 3.24 1.5 270.9| = 3,19 = = Q.05 - -

7 3.32 1.1 270.3| = 3.28 = - 0.04 - =

8 3.36 0., 270.4| = 3,34 = = 0,02 = -

9 3.35 O 27L0| = 3.35 « = = - -
10 2.63 0.5 271.2| - 2.62 = = 0,01 = -
11l 2485 0.3 270.5 |~ 2,84 = =~ 0,01 = -
12 3441 0.7 271.5| = 3.38 = - 0.03 = -
13 3.06 4.8 275.0 | = 2,51 0,39 = = 0.16 =
14 3.13 29.7 290.0 | = 0.82 1,27 = = 1.04 =
15 259 40.2 29546 | = 0416 127 = = 1,16 =
16 3,21 28,2 297.1 |- 0,01 2,19 - - 1.01 -
17 4.22 27,0 313.0] = - 0,67 2,27 - 31.27 0.0l

Totals 52,69 1.37 3812 5.79 2.27 0.49 4,64 0,01
% Esters 2,60 7234 10,99 4.31 0.93 8.81 0.02

% Acids 2.58 T2.,251103 4435 0.93 8.84 0.02

0,79 22,25 340 1,34 0,29 2.72% 0,01

¢ TFraction (30.8)
% 2560 0181

11
H 0'124,018

° 7
180 /50}10 in. h&d on
other wavelengths, and when unisomerised was negligible.

Praction

Al% when ilsomerised at

at 234@p of 1845,

U.V. absorption at
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Table 20 - Distillation of B esters from . niloticus fat

No. weégft IV, 8.E Gy,° 0% 6,0 o b ooyt clallfoao'n,sw

1 2y51  Te5 244.4 | 2422 0,10 0,08 0,11 = - - - |

2 2,87 5665 263.,5 | 0,07 1,15 0,47 1,18 = - - -

3 5430 595 27664 | = 1017 =« 1,21 0,88 0,04 = -

4 3,21 8343 293,0| = 0623 - 0,24 2,62 0,12 - -

5 3,25 89,3 295,8| = -~ &« 3,00 0e14 = -

6 2,87 90,0 295.0 | = = = o 2,7% 0ul4 = oo

7 3,04 89,3 296.,1 | =~ - - - 2,89 0,15 = -

8 2,81 90,4 294,9 | - - - - 2,66 015 = -

9 2074 9047 2951 | = = @« o 2,58 0,16 =
10 2,93 89,7 296,0 | = - - - 2,79 0,14 = -
11 2457 85,1 294.9 | = = = =~ 2,47 0,10 = -
12 2446 89,8 296.0| = =~ - o 2,34 0,12 = -
3 2,80 160,0 3248 | = = - . 0,70 0.0% 1398 0.00

Totals 37.34 2.29 2.65 0.55 2.74 2575 1.29 1,98 0,09

% Foters 6,13 Tel0 1447 Te34 6897 3.45 5.30 0.24
% Acids 6,07 TeO7 1445 Ta31 6807 3.45 5433 0.25
¢ Fraction (18.7) _|1.14 1,32 0,27 1,36 1291 0.65 1.00 0.05
Isomerisation Data
Erection  Z.V. (aolde) gl% o4 ongmy  53° et 268mu
B9 96,2 42,7 T.7%

Isomerisation was ecarried out =%t 180°C for 60 minutes with

standard procedure.

was negligible,
%0 un

than
repes

ed A

UaVe absorption of unizomnerised fraction

* In general,

éﬁ{nggsgnge%glt%nntég.

if this value is
then the isomerisa

{eater




Table 21 - Distilletion of C esters from C¢. niloticus fat
bt I vt ooty ot e O

weight R A o 1 1
D I A R T A VIR T
1 3002 31.8 243.6 2.10 had 0.71 0.20
2 2.98 752 260.6 070 0,06 0.11 2,02
3 2.82 85,7 26%,.1 CaCO 0.07 ©C.21 2.34
4- 2.93 9308 266.4 - 0008 - ’2.73
5 2.87 98,1 2€7.5 - G.07 - 2467
6 2679 9662 26745 - 0.07 - 2.60
8 3.51 ‘_}404 27407 - 0007 - 2:44
9 3‘025 10«-?.3 288.0 had O¢02 - GD78
l\’} 5046 13{)00 29102 had - bl -
12 3054 13005 29303 - hae - -
14 3625 130.5 292.5 - - - -
15 3450 ,l.2903 29307 - - - had
16 Etcl 12600 2‘309 - - - -
17  3.72 123.6 29%4.1 - - - -
18 3e7T 13740 297.0 - - - -
19 3:63 21;’.6 313'5 had had - haes
20 ?012 22503 32204‘ ad b - -
21 2e32 297+1 335.5 - - - -
22 6.50 278.,0 372,0 - - - -
Totals 7T3.05 289 0051 1003 18;43
% neters 3.96 0.70 1l.41 25,23
¢ Braction (50.5)1.98 0435 0,71 12.68

Isomcrisation Date (E%ﬁm values)

Fraction I.V. (acide) 2%4mu 268mu  300mp 315mm  346mp
Cs 10243 3540 11.47 - - -
314 13500 266o5 76.9“ - - -
c20 23449 38645 2074 82.0 T340 14.5
g2l 307.2 409.1 231.1 123.8 116.3 44.9

% These values were measured after 170°/15 min. - the rem-

ainder after 180°/60 min,
C5 and Cl4 unisomerised were negligible,

The U.V. absorptions of fractions
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11 111 1 i1 11 7
Clg” Og Cig Oig Cigit 'Oyt 'Opp' WS
0.01 - - - - - -
0,06 0,05 - - - - - -
0;07 0,06 - - Lad - - w—
0007 0,06 L - - - . -
0,05 0,06 - - - - - -
0,07 0'05 - - had - - -
0.06 0,05 0,57 0.21 = 0,11 - - -
0,02 0,02 1«53 0,57 0431 - - -
- - 2,20 0482 0444 - - -
- g 2,15 0«80 0443 - - -
- - 2,25 0484 0445 - - -
- - 1,80 0.68 0,36 - - -
- - 2.06 0477 0.42 - - -
- - 2'22 0083 Ot45 - - -
- - 1.90 0072 0‘39 - - -
- - 2.35 0.89 6048 had el -
- - 2;24 0084- O¢45 0¢24 - -
- - 0961 0e23 Q.12 2067 - -
~ - - - - %e12 - Tr
- - - - - 2421 - 0011
- - ) - haad - 6‘05 0045
0.47 0.38 21.88 8,20 4.41  8.24  6.05 056
0«64 0452 29,94 11.23 6,04 11.28 8.28 077
0.64 0.51 29,97 11.23 ° 6.74  11.33 8435 C.81
0 32 0,26  15.13 5.67 3.05 5.72 4.22 0e4l
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Table 22 -~ Component acids of C. niloticus fat
SR g e ates it e M o

TSl 3 A Sen bt AT

Acid A B C |Total |Excluding Unsaponif-
% wte igble
MT"‘{;‘&G‘;‘W --"*“'"L

Saturated
E@yrisEIc 0079 1014 1098 3-91 3093 4069
Stearic 3040 - - 304G 3042 3028
Arachidie 1.34) = - 1234 1435 1,18
Ungaturated
[Fetradecencic - 0,27| 0,71 0.98| 0.98 | 1.18
Hexadegenoice 0629 | 1436 |12.68 14,33 [14.40 [15.43
Hexadecadlenoic - C e Q32| 0,32] 0432 | Ce34
Hexadecatrienoice - - 026 | 0426 0,26 0,28
Octadecenoic 2,60 (12,91 (15,13 [36.64 (30,79 |29.70
Octadecadienoic 0,12 | 0465 5,67 | 6444 | 0,47 | 6429
Octadecatriencic - | - 3405 3.05| 3406 | 3400
As 'eicosencic! T | - | 1.00] 5.72] 6,72 6.75| 5.74
As 'docosencic' Y -~ | - | 4.22] 4.22] 4,24 3.34
Unsaponifiable 0,01 | 005 Oadl | 047 - -

+ Average unsaturation - 5.8H. ++ Average unsaturation - 7.9H.
In addition to the unsaturated ascids discussed on page 24, the
following acids were isolated from aprropriate fractions of

G. niloticus fat:i- Myristic acid m.pt. 50-52°C.3 pealmitiec
acid mept. 63=64°C.; stearic zcid m.pt. 68-69°C,  Wixed
m.@%s. with authentic samples gave no denressions. Attempts
to separate arachidic acid in a aufficiently pure state were

. 20
unsuccessful . See slso Part II (pagel® ).
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8 of Ostrich and Flauingo Fatg (see page 33 )

Table 22 - Characteristics of Ostrich and FPlamingo Fats
FAT F.F.A. | 1.V, oFf
IoVo S-Eo a8 M-ixed
oleic Acide
Ostrich 8044 282,8 Cel 83.4
Flamingo | 65.8 283.0 4,2 67.9

Table 24 ~ Fractional Crystallisation of Ostricn Fat

(corrected wis.)

Mixed Acids 197.6gm. I.V. 83.4

Soluble 6C.lgm. I.V.

SOluble 60.0@0 I.V.'

10 x MeCH - 40°C
I
Insoluble 137.5gme I.V. 52.9
154.9
(Fracticn ¢)
10 x MeOH -20°C -
. I
Insoluble 77.5@30, I.V. 21.1
~ 94.4
(Fraction A) (Praction B)
1.0,
' Fraction A B ¢
Welght (em.) | 77.3 198:8 | §8:%
Jyte of total) ) 1 l94.4 |154.9
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Teble 25 - Fractional Crystallisation of Flemingo Fat
(corrected wts.)

Mixed Acide 61.6gm, I.V, 67.9

10 x MeOH -65°C
| - '
IHGOIuble 52.7 &8« I.V. 56,9 Soluble 8098m0 I.Ve 131.5
. (Praction C)
10 x MeQOH -20°¢C
Inasoluble 18.6gm. I.V. 2.8 Soluble 34.1lgm. I.V. 87.2
(Fraction A) (Fraction B) |
isc.
Fraction A B '

weight (gm). [18.6(34.1| 8.9
¢«Wtq of total|30.2|55.4 | 14.4
I;vi 208 8?.2 131.5




Teble 26 - Distiiletion of A esters from ostrich fat

94

W 'Ea

O Ve Oekie ° ° 1 1 1y
00 gy TeVe BeEa|0y,° 016% Ci5° €54° C16 Cig C1g NeSe
1 2,74 2.1 268.3|0e13 2,50 - -  0.06 - - -
2 2.92 1.6 271.2| -~ 2,87 - “ 005 = - -
3 3008 lo6 27109 land 3'03 had had 0095 - - -
4 3040 1-5 270-9 - 3-35 - hoad 0.05 - - -
5 3035 114 271:8 - 3a30 hast - 0.05 - had had
6 2.83 1.8 271;9 haat 2.78 - Lo 0.05 L - -
T 3413 1le@ 271.0| - 507 - - 0.06 - - -
8 3069 2-8 271.9 - 3.58 - - 0011 o - -
9 2,99 2.1 270.0| = 2,92 - = 0,07 - - -
L0 3.60 27.0 279.3| - 2431 0.,20 =~ - 1.05 0.04 -
11 3&41 5908294.6 - 0.28 0084 - bl 2.20 0009 -
12 3452 56,3 29743 | = - 1.35 = - 2,09 0,08 -
13 2.99 5205 297.7 - - ln23 - - 1‘69 0.07 -
14‘ 3!32 46.6 29709 -~ - 1.58 - - 1067 0007 -
15 2067 37.3298.4— - - 1555 b - 1.08 0004 -
16 1,74 25.7 313.7| - - 0.70 Co56 =~ 0.42 0.02 0.04
Totals 49,38 018 29,99 7445 0.56 0455 10,20 0.41 0.04
% Esters 0436 60,74 15509 1.15 1.11 20,66 0.83 0,08
% Acids 036 60,62 15,14 1.14 1.11 20.72 0.83 2.08
# Poaction (39.2) |0.14 23,76 5.93 0.45 0.44 8.12 0.35 0.05

Jf
Fraction Al2 (I.V. of acids 57.5) had E 7 of 21.8 at 234mn

after isomerisation at 180°C/60 min., U.V. of unisomerised

fraction being negligible.
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Table ~-27 = Distillation of B esters from ostrich fat

wt.
: O D S | 1, 11 .

NO. Eille -[Q_VO LJ.,.EJ_. \114 016 014 016 clB 018 '020 N.S.
1 2¢81 48;0 266;0 0009 0.67 0022 1083 - - - -
2 2;64 6206 27803 -~ 0046 - 1125 0085 0.10 -~ -
3 2097 9202 29405 - 0.05 - 0013 2048 0031 bl -
4 3'48 9503 29504 - - - bl 3009 0.39 - -
5 3.66 g409 29606 - o - - 3-27 0 39 - -
6 3.54 94,9 206, - - - - %416 0,38 - -
7 3,44 94.8 295.4| - - - - G.0L 1.06 - -
8 .12 04.8 205.6| = - = = } - -
9 3.51 94.8 29%.4| - - - - - -
10 2069 94:2'29502 - - - - 2043 0026 - -
11 3,52 93.8 296.0| = - - - - -
12 3Q32 95&8 296.6 s - L - 12035 1‘27 - -
13 3,40 93,8 296.6( - - - - - -
14 3,38 93.8 296.1| - - - - - -
15 2027 9202 296-1 - Ll - e 2.10 0017 - -
16 2.62 1ed 285.7| = - - - 2.45 0.17 - -

17 lo?l 9009 316.0 bt - Lad ad 1905 0.07 0053 0-06

To tals 52.08 000 1.18 0.22 3,21 42,22 4,57 04,53 0.06

%,Eﬁters UelT 2.27 Oe42 6,16 81.07 8.77- 1.02 0al2

% Acids Oul 2426 0442 6013 8L.09 8,77 1.03 0.13

% Fraction (304)[0.05 0469 0.13 1.86 24,65 2.67 0.31 0.04

%
Isomerisation Data (E%ém values)

Fraction 1.V. of acids 234mpu 268mu
B2 6640 41.3 1.0
Bll 98.8 TTe4 6.6

All measurements were made after isomerisation at 180°C/60 min.
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Table 28 - Distillation of ¢ esters from ostrich fat

5 Wt o T " < ° 1
Ko, gme I.Ve. Delis (314 016 014

1 2446 5547 2447 0.29 0.01 1.09

2 3006 9601 264.5 0.18 0.1l 6.19

3 2.77 116¢6 27203 - 0009 *

5 %57 153.6 287.8 b 0.08 -

6 3.03 157.0 291.1 - - -

7 §049 15901 289-4 - - -

8 3.48 158,9 280.0 - ~ -

9 3.1 159.3  230G.8 - - -
10 2093 16001 29109 e - -
11 3.21 16005 29007 hd - -
13 2099 15909 290-7 - had -
14 3,16 160C.3 ?90.5 - - -
15 3430 15¢,8 251.6 - - -
16 2.16 15G.3% 291.6 - - -
17 344 128,99  315.0 - - -
Totals 51,38 1.17 O.44 1.28

% Esters 2.27 0.85 2.47
% fcids 2.24 0.85 2445
% Fraetion (30.4) 0.68 0g26 0074

Isomerisation Data (E%ﬁm velues)

Praction 1.V, of aeids 234wy 268mp

ci 63.5 38,2 6.8
03 119.0 22%,7  15.0
C11 165.5 592,0 84,1%

#  Measured after isomevisation at 170°/15 min. - the
remainder after 180°/60 min. The U.,V. absorption of

these fractions when unisomerised was negligible.
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1 11 1 11 111

14 G167 %16 187 Cs C18 N.S.
0.04 0.28 0.05 - - - -
0.01 2.18 0.39 - - - -
- 0;86 0a04 0-52 1.06 0029 -

- - - 9.36 19.08 5e¢22 -
- - - 0.88 1.81 0.49 0226
0.05 5465 0.84 11,73 23.92 6454 026
0.10 10.89 1.62 22,60 46,10 12,61 0.50
0.09 10.85 1,61 22,63 464,14 12,62 053
0;03 0»’ 49 ' 6: 88 14. 03 3Q83 0 wls

3430




Table 29

Yistillgltion of A esters from flamingo fat

. Wihe - ) o 1
Fos il I.V. S...u. 016 018 618 NQS"
3 2453 0 268.3 2453 - - -
4 257 O 269.0 | 2,57 - - -
5 2'04 3'3 27701 1'5}- 0045 0008 haad
6 2442 5.8 281,9 Ls37 0.89 016 =
7 2625 4!5 291.5 - 2013 0012 -
8 1020 503 317-5 - 1006 Q¢06 0.98
Totals 17.92 12.89 4,53 0.42 0.08
% Isters 71.9% 25.28  2.%4 0,45
% Acids '7lo81 25:37 2;35 0047
4% Fraction (%(.2) 2165 T.66 C.T1 0.14

Table 50 -~ Bistbillaotion of B esters from flamingo fet

T Wt. . P S R ¥}

1\30‘; gﬂ«o I.V. Ve iie C16 01() "18 018 '020' NQSO

1 lab?} 51&0 272.0 0074 0072 0017 hand - -

2 2,38 68,5 284.0]0.53 0,51 1.354 - - -

3 2426 8Lle3 291.110.14 0.27 1.85 - - d

5 2046 8703 29307 - — 2.41 OOCS - had

6 2.25 8706 294*-5 - - 2020 0.05 - -

7 2025 6705 29309 - - 2.26 O.QS - -

8 2.54 88.0 29403 - - 2028 0.06 b -

9 3.34 88.3 2930S - il 3.24 0010 - had
lG 2057 87.9 29306 b ad 2050 G.O? - -
11 2.47 8743 2954 - ~ 2.42 .05 - -
12 2.22 8T.2 29345 = - 2,18 (.04 - -
13 2400 86.6 29§07 - hnd 1.98 02 - -~
14 1,45 B0 4 332.3| - - 0.81 0,01 0,51 0.12

Tﬂtals 32.32 1@41 1050 28.28 0050 0051 0012
% Leters 4.36 4.64 87,50 1.55 1.58 0437

7 Acids 4,34 4,62 87.51 155 1459 0439

% Fraction (55.4) [2.40 2.56 48.48 (.86 0,88 0,22

Tasomerisation Data

Fraction I.V. (acids) E%ém
B9 92.0 32,3

at 234mp after isomerien. at

1808/80 min,

U.V, absorption of unbsomerised fraction was negligible.
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Tablg 31 - Digtillation of C esters from flamingo fat

—

Mo. it I.Ve 8.E.|C16° 6l Ougtt Oyt oMt 0t topyr s,
1 0.87 93%.1 269.7(0.16 0.56 0.15 = - - - -
2 1.22 117.2 277.9|0.13 0,43 0.12 0,21 0,32 0,01 - =
3 1420 1%4.8 289.7|0.03 0.12 0.03 0,39 0.6l 0,02 - -

4 1.21 138.9 2940~ - = .
5 0.93 138.9 292.8|\- - - 1.3 2,14 0,08 - -
6 1.46 135.7 294,5( = - - - -

7 1.76 122.9 325| - = = 0ul 0,64 0,02 GC.58 0.11
Totals 0,32 1,11 0,30 2.39 3.71 0.13 0.58 0.11

% Csters 3470 L2.8% 3,47 27.63 42.89 1.50 6.71 1.27
% hcide 3469 12477 3.45 27.64 42.88 1.50 6474 1,33
% Fraction Ve53 1484 0,50 3,98 6,17 0422 0,27 0.19i

o
Isomerisation Data (E}Qm values)

Praction 1.V, (acide) 234my 268ap.
Ccl - 9%69 . 172.8 -
o4 145.0 54046 12.6%

. - [¢] . .
% Measured after isomerisation at 170 /15 min., - remainder

at 180°C/60 min,

U.V. absorption of unisomerised fraciions was negligible.



Table 32 ~ Component acids of ostrich fat

-
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|
Acid A B ¢ Total Unsgggizgggglé 1
~ odibod Fowbo] & mol..
Saturated !
Myristic 014 | 0.05 | 0.68 | 0.87| 0.87 1.04
Palmitic 23.76 0eB9 [ 7026 [24.71 24477 26432
Stearic 5,93 - - 593 | 5.94 De€9
Arachidic C.45 - - 0s45 | 0445 Ce39
Unsaturated - .
Tetradecencic - 0s13 | D74 | 08T | .87 1.05
+ Tetradeczdienocic : - 0.0% 0.03 0.03 )
Hexadecenole Oud4 1.86 | 330 | 5.60 5461 6.01
Hexedeeadlienolc - - D0.49 | 0.49 | 048 0e53
Octadecencic 8012 | 04,65 [ 6,83 [39.65 | 359,75 | 38.32
Octedecsdiencic 0e33 | 2,67 [14.03|17.03 |17,07 | 16.58
Octadecatriencic - - Z2.83] 3.83 B e84 3¢ TH
+ as 'eicosenolc! - 0.31 - 0.31 031 0.27
Unsaponifiable 0.05 0,04 | 0.16] C.23 - =

+ This gnmall quantity of acid seens herdly siynificant.

}+ Average unsaturation - 2.1l

In addition to the aclds mentionsd in pages™t-37 the follicwing

acids were lden“ified in apprepriate fractions of ostrich fats-

Palwitic u2id m.n',

6%

Straric zeid m.pt. GB7C.3

hexa-

decenoic acid as dihydroxy polmitic zeid mept. 126-127°C.;

3. - K3 e \ - O .
oleic acid as dihyocoxystearic acid m.pl. 130-1317C.;

. . 5 e - 4z O

linoleie acid as tetrabromostearie acid mept, 111-1137C.;
. QY

linolenic acid as hexabromostearic acid m.pt. 181-182°C,

lixed m.pts. with authentic samples of acids showed no depreas-

ions,



Iable 55 - Component acids of flamingo fat

LUy

Acid a5 | o | 2 | emoniticiie
% whe % mole |

Saturated
Falmitic 21.69| 2.40| 0.53| 24,62 | 24,76 | 26.51
Stearie Te66| - - 7466 770 Ted?
Unsaturated
Hexadecenolc - 2.56] 1.34 1440 442 &oTT
Hexadecadienoic - - Ce50 1Y) Ge50 Geb4
Octadecencice 0e71148.48| 3.98 | 53.17 53.47 5197
Betadecadienocic - 0.86| 6,17 Te03 Te07 Ge92
’Octadecatriﬂnoic - - Dede Ce22 Ce22 Ce22
+ a8 'eicosenoic - .88 0.97 1.85 1.86 1.04
Unsaponifiable Celd] $.22] 0419 0.5¢% - -

+ Average unsaturation - 2.7i.

In addition to the acids discussed on pages 34-37

the

following scide were identified in appropriste fractions of

flamingo fat.

Palmitic scid mept. 62-63°C.; stearic acid m.pt. 69-70°C.;

hexadecenoic ecid ss dilydroxypalmitic acid m.pt. 124.5-

125,5°C.; oleic acid as dihydroxystearic acid m.pt. 129-1%0°C.;

. ‘ .
linoleic acid as teirabromostearic acid mept, 112-1137C.

¥ixed m.pte. with authentic samples showed no depressicig.




8. Analyses of Rabbit, Mouse and Porcupine Fats (see page %7 ) |
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]

Table 34 - Characteristics of rabbit, mouse and porcupine fats.

. I.V. of
Tl Mixed . '
I.Ve| S.Ee |PoFuho | Acide :
ouse 86.8 286-8 308 91.6
Porcupine | 50.3 | 271.0| 6.0 5243

Table 35 - Fractional Crystallisation of Rabbit Fat

(corrected wts,.)

Mixed Acids 11l.2gm. I.V. 8l.1

-55°C

10 x MeOH

| |

Insoluble 6506w~ I, V. 43.8
10 x MeOH

Soluble 4506@1. I.V.
135.1
o (Praction C)
- QO c.

l

(Fraction A)

i.e,

I
Soluble 33.5gn. 1.V,

85.
(Praction B)

Fraction

A B c

weight (

% wte of total

1.V,

gn. )

52e3153e3|4546
29¢1(29.9141.0

L2 85.5]155.1
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Igble 56 - Fragtional Crystallisation of Mouse fat
(eorrected wts.)

Mixed Acids 55005mn Ith 91.6

10 x MeCH -60°C
[ - l
Inspluble 36.8gm. I.V. 58,5 Soluble 18.2gm. I.V. 159.6
(Fraction C)
10 x MeOH . - 20°
| | |
Insoluble 15.1gm. I.V. 1.5 Soluble 21.7gme I.V. 97.5
(Fraction A) . (Praction B)
1.0,
Praction A B c

3 weight (gmo) 15.1 21.7 18,2
% wte 0of total 2703 3906 33.1
I.V. 1.5 [ 9745 [159.6

Table 37 ~ Practional Crystallisation of Porcupine fat
o Lcorrected wis.) ,
Mixed Acids 93.8gm. I.V. 52.3

10 x MeOH -55°¢
) {
Insoluble 66053&. I.V. 28.0 Soluble 27!38m. I.Vv. 111,.2
(Fraction C)
10 x MeOH -20°¢
.
Inleuble 4%3.6gm. I.V. 0.8 Soluble 22.9gm. I.V. 79.6
(Praction A) (Fraction B)
i.e.
Fraction A B ¢
Weight (gmo) 43,6 | P249 2743

% wte of total 4665 | 7heb 29.1
I.V. 0.8 | 79.6 | 111.2




Table 38 - Digtillation of A esters from rabbit fat
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No. g;: Ve  S.Ee| ©,° €p4° 0186 c26° 0181 NeSe

1 2,31 0 268.5 | 0.14 2,17 = = - -
2 3.43 0 270.5 | - 3443 - - - -

3 3.24 0 270.7 - 324 = = - -

4 2.73 0 269.9 - 273 - = - -

5 3.12 0 270.5 - 332 = - - -

6 3.38 0 2708 | - 338 - = - -

7 3.38 0 271.4 -  3.25 0,13 = - -

8 2.48 0.8 273.7 - 2.7 0.29 - 0.02 -

9 3.45 2.4 290.1 - 0,96 2,39 - 0.10 =~
10 2.18 3.8 296.4 - 0.14 1.94 - 0.0 =~
11 1.76 4.2 313.1 - - 1.24 0.38 0.09 0.05

Totale 31.46 0uld 24,59 5.99 0.38 0,351 0.05
% Eeters 0,45 78,15 19.04 1.21 0,99 0.16

% Acids 0.44 78,06 19,12 1.22 0.99 0,17

5.56 036 0.29 0.05

% Fraction (29.1)

0.13 22.71
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Table 39 - Digtillation of B esters from rabbit fat
- wte '

No. em. I.V. S.E.|0p,° Cg° G0 Ot 0™t Nus.

1 1.35 4.1 244.5| 1.23 0,06 0.06 - - -

2 2.48 35,3 267.6| 0.17 1.38 0.93 = - -

3 2,68 68,1 285.1| -  0.64 0.43 1,56 0,05 ~

4 3.21 88,6 291.2| -  0.35 0.23 2,55 0,08 -

5 1,68 88.2 296.6| - - - 1.63 0.05 -

6 1.79 8T.5 296.4| = - - 1.75 0.04 -

T 3.47 91.9 296.4| - - -  3.22 0,25 -

8 2.75 93.4 295.6| - - - 2.51 0.24 -

9 3.42 93.6 296.9| = = - 511 031 -

10 3.08 94.1 296.3| - = - 278 0.30 -

11 3.51 93.1 296.1| ~ - - 3,21 0.30 -
12 1.0% 92.2 305.8 | - - -~ 0.91 0.09 0.03
13 1.64 8l.6 298.6| - - -~ 1l.44 0.14 0.06
Totals 32.09 1.40 2.43 1.65 24,67 1.85 0.09
4% Esters £.,36 Te57 514 T6.88 5,77 0.28
% fcids 4,32 T.54 5.12 76.96 5477 0429
‘% Fraction (29.9) | 1.29 2.25 1.53 23.01 1.75 0.09

Praction

I.V. of acids

Isomerisation Data

AT

BS

97.

3

=4
¢
eelld

cm

84.2

at 234@p after 120 _
mnine.

om™* at 180°¢/

U.,V. absorption of unisomerised fraction was negligible.
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Table 40 - Digtillation of € esters from rebbit fat

K
No, Wt Ve S.I ° 1 1 C
¢ em.  IeVe  S.E. | €% 0,0 O 6" NeS.
1 2.68 55.5 199.4 | 0,94 1,72 - - e
2 287 853 258,0 | 0.36 0.66 1,85 - U~02
3 2064 11309 273‘4 - - 20‘09 0055 -
4 2.64 145.8 282.9 - - 0.64 2.00 -
5  3.55 159.3 289.2 - - Q.13 3.40 -
6 5.06 162,6 29043 - - - 3.06 -
7 2.97 162.8 291.2 - - - 2,97 -
8 3.;10 16205 291'5 - o= - 3010 hd
9 3.42 16104 29102 bt - had 3042 cnce
10  3.45 162.5 291.2 - - - 3445 -
11 3.44 161-6 292;8 - had - 3044 -
12 5e22 145.8 292.9 - - - 3422 -
13 2.00 132.2 280.6 had bt d 2000 el
14 4.63 83,5 320 - - - 4.25 0,38
Totals 43,67 1.30 2.38 4.73 34.86 0440
% Esters ] 2498 545 10.83 79.82 0.92
f% Acids 2.95 539 10.79 79.90 0.97
% Fraction (41.0) 1.21 2421 4442 32,76 0.40

A
Isomerisation Data (E%ﬁm values)

Eraction I.V. of Acids 2754mu 268mu
3 121.3 272.3 28,0%
c8 170.7 693.6 85.5"
%+ These values were measured after isomerisation at 170°C/15 min.

remainder after 180°C/60 min.
U.V. absorption of unisomerised fractions was negligible.

+ Using spectral and iodine velues the percentages of 018 acids
do not sum to aporoximately 100% (see pages 15,44 ), probably
because of detevioration. Using these values however the

‘618' fraction has the following compositioni=

Ga%

0181 9. 6 01811 7%, 5,;1: 0181 11 16. 91}3{,’ ( bj’ cnterpolation to (co%s)
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Table 41 - Distiilation of A esters from mouse fat

wte - © o 1

No. g 1.V, S.Ee 016 03_8 018 N.S.
1 2.37 0 269.5 2:37 - - -
2 1.95 ¢ 270.0 1.95 - - -
3 2.27 ¢ 269,5 227 - - -
4 1.68 0 - 26G.8 1.68 - - -
5 1.53 0 26904 1Q53 i - b
6 1.65 0 269.5 | 1.65 - - -
7 1.58 6.8 281.4 0092 0.53 0.13 -

8 1.15 11.7 310.5 | 0.13 0.78 0,16 0.08

Totals 14.20 12.50 1.31 0.29 0,08

% Esters 88,15 G.24 2,05 0.56

% Acids 88,08 9.28 2005 0«59

% Fraction (27.3) 24,14 2454 0456 0416

Table 42 - Distillation of B esters from mouse fat

No, "% 1.v. s.E. C1,° Op6° 0161 0y emll 'Coy'  HaSe

Elie

1.87 5048 26746 010 0477 1.00 = =

1 - -
2 1088 82.6 288.9 - 0023 0.29 1-23 0013 - -
3 1083 9307 29603 - - - 1066 0017 - -
4 2,07 96.4 295.,2 | - - - 1,81 0.26 - -
5 2.24 96.7 29404 - - - 1.91 0033 -~ e
6 2:23 9908 29500 bt - - 1087 0036 bt hd
7 2042 9901 29503 - - - 2.05 0037 - -
8 1.81 98.8 29607 - - - 1054 0027 - -
9 2422 99.6 29744 | - - - 1.80 0432 0610 =

10 2.33 90.5 320.1 1.52 0427 040 C.14

Totals 20.907 Del0 1.00 1429 15.39 2.48 0.50 G 14
% Esters 004-8 4078 6017 73064 }.LBV 2039 0067
% Fraction (39.6)%19 1.88 2.43 29,09 4.68 0.95 0.28

Isomerisation Data

af, .. B . °
Praction I.X._ of Acids ” gt 254mp srter isom?e at 180°C/
E%Cm s - 60 min.
B6 103.0 148.8

U.V. absorption of unisomerised fraction was negligible.
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Taple 43 - Digtillation of ¢ esters from mouse fat

whe

N [ ) eV o olse e l ll 111

1 1.88 110.5 233,3 | 0.17 1.03 0.14 C.50 0.04 -
2 1.98 134.0 283.1 | 0.09 0.57 0.27 0.97 0.08 =~
3 2,34 157.0 290.8 |\ - - -
4 2,57 158.1 290.8 - - -
5 2.71 159.9 29%.1 - - 2.56 9.24 0.81 -
6 2.32 159.0 295.3 ?.. - -
T 0495 164.3 294.8 - - : -
8 1.91 133.1 ~330 / - - ‘ 0.19
Totals 16,66 0.26 1.60 2,97 10.71 0.93 0.19
9 Esters 1.56 9.60 17.83 64.29 5.58 1l.14
% Acids 1.55 9.56 17.84 64.27 5.58 1.20

% PFraction (33.1) | 0.51 3.16 5,91 21,27 1.85 0,40

Isomerisation Data (Elﬁ values)

Fraction I.V. of acids 234mp 268mp

c1 116.5 247.8 -
2 139.8 5204  24.7F
c4 164.1 683.4  34.2"
c5 164.5 684.5 37.9"

#These values were measurcd after isomerisation at 170°C/15 min,,

the remainder after 180°C/60 min.



Table 44 -~ Digtillation of A esters from poreupine fat

!
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oo Wit I.V. S.E.| 0,7  04° 0% ol N,

1 1.91 0  263.3|0.44  1.47 - - -

2 2.80 0  269.0|0.12 2,68 - -

3 3,39 0 270.3| - 3.39 - - -

4 2,98 0 270.6 | = 2,98 - - -

5 2,77 0  270.¢| - 2,77 = - -

6 3.00 0 271.3| = 3.00 = - -

7 3.30 0  271.2| =- 3,30 = - -

8 2.38 0  270.6| - 2,38 = - -

9 2.60 0 270.2| - 2,60 = - -
10 2.77 0 270.5| = 2,77 = - -
11 2,83 0.7 274.9| = 2,35 0.46 0.02 -
12 2,01 1.7 284.6| = 0.94 1.03 0,04 =
13 3.00 2.2 294.1| - 0.43 2,49 0.08 =
14  3.02 1.9 294.7| - 0,38 2.57 0.07 =
15 2.51 1.5 296.5| - 0,16 2.31 0.04 -~
16 2,12 3.9 314.0| - - 1,96 0.04 0,12

Totals 43.39 1 0.56 31.60 10.82 0.29 0.12
4 Esters 120 72482 24.94 0.67 0.28

. % Acids 1.28  72.73 25.05 0467 0429

0,60 33.82 11.64 0,31 0,13

% Fraction (46.5)
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Teble 45 « Distillation of B esters from porcupine fat

Noo o L.Ve  S.B |og,° Gef ot ot ot ot s
1 1.85 9.7 24448 [1.58 0,09 0,09 0.09 =~ = =
2 2447 45.7 270.2 | = 1.28 =  1.19 - - -
3 2.26 78.5 287.2 | = Gu24 = 0,23 1.75 0.04 =
4 2.5487.2 2957 |- - - = 2,49 0.05 -
5 2,82 89.8 295.1 | = = = = 2,68 0.14 -
6 2,86 90.8 29442 | = = = = 2,70 0.17 =
T 2,56 89.7 29,7 |- - = - 2.44 0,12 -
&  3.08 85.9 293.5 |~ = = = 3,07 0.01 -

9 1.47 752 30845 | = = - - 1.37 =~ 0.10

Totals 21,93 1.58 1.61 0,09 1.51 16,51 0.53 0.10

% Eoters  |7.20 7.34 0.4l 6.0 75.28 2.42 0.46

% Acids 7el3 7431 0,41 6.86 T5.39 2.42 0.48

% Traction (24.4)|1.75 1.79 0,10 1.68 18447 0.59 0.12

A sample of B6 epters when isomerised at 18C°C/60 min. had
an E%ém of 38,8, the U.V, absorption of the unisuvmerised
eaters being negligible«( at 23jm ), |
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Lable 46 - Distillation of C esters from porcupine fat

Noo fmn ToVe $.B.01,° 06 0 Gt 06T 0T 01t T0 Ty g
11.88 17.1 208,7|1.58 » 0,30 = = = = = = =
2 1.84 60.1 243.4[0.78 0,03 0,90 0,10 0,03 = =~ -~ =
3 2,35 10344 272.1| = 0.30 - 1.31 0,34 0.15 0,24 0,01 =
4 2,22 131.3 290.1| - 0.05 = 0,19 0,05 0.73 1.16 0.04 =
5 2.13 136.6 291,97\ ~ = - - - -
6 2.51 137.1 293.2|[- = - - = -
7 2.68 135.6 292.7|\- - - - = -
8 2.27 135.1 291.9([- = - - -~  4.94 7.85 0,29 -~
9 2,08 128,1 201.8||- = - - = -

10 1.41 108.8 295.2 = = - = = -

11 3.05 77.4 300| = = = = = 1,01 1.61 0.06 G35

Totals 24.40 2.36 G438 1.20 1,60 0,42 6.83 1086 0.40 G35

% Esters 9.67 1,56 4.92 6.56 1.72 27.99 44,51 1.64 143
% Acids 9.58 1456 4,87 6.54 171 28,04 4456 1.64 L5C

% Fraction (29.1)|2.78 0445 1.41 1.90 0.50 8,13 1291 0.48 G44

Iscmeriaatidn Data (E%%m values)

\Fraction I.V, of acids géig¥ g§§g¥
Cc3 108.1 . 23549 -

3 143.0 53545 11.5%

#* Value after isomerisation for 170“C/15 nin. - remainder

after 180°C/60 min. U.V. absorption of unisomerised samples

was negligible.
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Table 47 - Component Acids of Rabbit Fat

Acid A | B ¢ | Zotay | o mxeludlug
% Vite| % whe % mole

Saturated
Hyristic 0.13 | 1.29| 1.21| 2.63 | 2.64 3412
Palmitic P2.7T1 2.25 - 24,96 [25.10 264,46
Stearic 5456 | - - 5056 | 5459 5,51
Arachidic 0.36 - - Ce36 | 0.36 C.31
%gi?gggigggio - - 2¢21 2.21 2422 2.65
Hexadecenoic - 1e85% | 4,42 | 5,95 | 5.98 Ge35
Octadecendoic  |0.29 123.01 | - 23,30 23443 22.41
[Octadecadienoic| - 1.73 - 173 | 174 1.68
'0,5" Beids T | - | - [32.76 |32.76 [32.94 51,71
Unsaponifiable [Cs05 | 0.09 | 0.40 | 0.54 - -

+ Average unsaturation -5.7H. Assuming that these zcids
have a C;g content as shown in Table 40 (footnote) then the
Oy acids of ratbit fat are given by Cig' 26.59%; Cpp't

25.95%; 018111 5.57% % wt. (excluding unsaponifiable).
Otherwise, the C;g acids (in general) have an average

unsaturation of ~3.0H.
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The following gcids were identified in appropriate fractions
- of rabbit fat:= Palmitic acid m.pt. 62-62,5°C.; stearic
acid m.pt. 68~69°C.; hexsdecenoic acid as dihydroxypalmitic
acid m.pt. 123-124°C.; oleic acid as dihydroxystearic acid
mept, mepte 128.5-129°C.; linoleic acid as %etrabromo-
stearic acid m.pt. 112-113°C.; linolenic acid as herabromo~
tearie acid m.pt. 183-184°C.
On cérrying out a quantitative bromination on a fraction
rich in 018 polyetnenoid acids, the weights of polybromides
obtailned indicated 23.0% linolenic and 68,0% linoleic acids.
Thie compares with the gquantities obtained by the isomerisation
procedure viz. 15.4% for octadecatrienoic and 66.8% for
octadecadiencic acids. These figures, bearing in mind
that this frsection (C) showed some deterioriation, probably
imply that these acids exist mainly as linolenic and
linoleic acids.



Yable 48 - Component acids of mouse fat

Acid N 8 c Toteal Excluding

% wt, | Unsaponiriable
Saturated M B
Myristic - 0.19 - Oel . O
Palmitic 24,14 1.88 | 0.51 26.5% 22.%% 2§°§§
Stearic 2454 - 2.54 2,56 2446
Unsaturated 1
Hexadecenoic - 2443 | 3.16| 5.59 5464 G405
Octadecenoic 0eB6 | 29,09 | 5.91| 35.56 | 35.8C | 34.66
Qotadecadienocic - 4,68 | 21.27| 25.95 26,17 25,48
Qctadecatrienoic - - 1.85 1.85 1.87 1.83
as ‘eicosencic'+ - 0.95 - 0.95 0.96 Q.81
Unsaponifiable 0.16 0,28 | 0,40 | 0.84 - -

+ average unsaturation -2.2H
The following acids
mouse fat:i~ Palmitic acid mept. 62-6%°
68~-69°C, s

125-126°C.

linoleic scid as tetrabromostearic acid m.pb, 112,5=113.5%C.;

Cus

~ere identiflied in appropriate fractions of
stearic acid m.pt.
hexadecenoic acid as dihylroxypalmitic acid m.pt.

oleic acid as dihydroxystearic acid m.pt. 130-131°C.

attempts tu prepare a pure sample of hexabromostearic acid were

unscceessful.

L quantitative bromination on a suitable

fraction indicated 6.6% linolenic scid and 68% linoleic acid,

compared with 6.,8% and T1% as caloulated from the isomerisation

data -~ figures which indicate the possible identity of the

C;g polyethenoid acids with linoleic and linolenic acids.
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Table 49 « Component scids of porcupine fat

Excluding
Acid A B ¢ |i°% | tneaponifiable
d *I % wte] 7 mol.
Saturated
Wyristic 0660 | 175 | 2478 | 3413 5,17 | 6.04
Stearie 11.64 - - 11.64 | 11.72 [11.00
Unsaturated
Tetradecenoic - 0,10 | 1e21 | 1451 1452 | 1479
Hexadecenoic - 1.68 | 1.90 Z+58 %060 5.78
Hexadecadieunole - - Cu50 | CuB0 | 0450 Geb3
Qctadecencic De31 [18.47 | 8.13 | 26,917 27.10 | 25,62
Octadecadienocic - 0659 | 12,91 |13.50 [ 13,59 |1i2.94
Qctadecatriencic - - Ced8 0.48 U648 Jedb
Unsaponifiable Cel3 | 0,12 | 0edd | 0,69 - -

The following acids were jdentified in suitable fraction; of
porcupine fat:~ Palmitic acid m.pt. 61-62"°C.; stearic acid
mepte 69.5—71“0.; hexadecenoic acid as dihydroxypalmitic
acid me.pte 124.5#125.5°C.; oleic acid ss dihydroxystesric
gcid m.pt. 130-1%1°0C.; linoleic acid as tetrabromostearic acid
-m.pt. 115-114°C.

Bromination of a Iraction containing & large gquantity of 018
polyethenoid acide was carried out iu the usual way (Markley
1947). No hexsbromides were deposited and the tetrabromides
indicated 41.5% linoleic acid, as compared with the figure of
60.0% derived from the isomerisation procedure, suggesting
that other isomeric octadecadienoic acids are present vesides

. A% o )
linoleic acid. A fraction whose Llém vaiue, I.V. and S.F.

indicated an aporeciable quantity of a hexadecadienoic acid, on

bromination only deposited a tetrabromostearic acid, thus

casting further doubt on the existence of a hexadecadienoic
acid (cf. page 34). In all these acid idemtifications mixzed

m.pts. with suthentic specimens produced no observed depressions

i
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D - Analysis of Antelope Pat (see page 50) |
]

Table 50 Fractional Crystallisation of antelope fat
{corrocted wte,)

Mixed Acids izl 0»2@0 1.v.87,.8

10 x MeOH ~60°0
Insoluble 735.1lgme I.V. 52.7 Soluble 48.1gm. 1.V.
140.4
(Praction C)
10 x MeOH -20°¢
| |
Insoluble %0.8gm. I.V. 4.6 Soluble 42.3gm. I.V. 87.5
(Fraction A) (Fraction B) I
| |
1.2, ’
Fraction A 3 c i

% wt., of total 25,4 | 34.9 | 39.7
I.V. 4.6 | 87.5 | 140.4




Table 51 « Distillation of A esters from antelope fat
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wte

Neo gme IoVe SuEe|lCp,® 0pp° Opg° Opg® Ot Opg0 oS
1 2,39 0.3 262,1}0.65 1.73 - -~ 0.01 - -
2 3,28 0,3 269.5/0,09 3.18 = = 0,01 - -
33,21 0.3 270.2) = 3.20 = = 0,01 - -
4 3,55 043 27050| = 3432 = = 0,01 = -
§ 2,97 0.3 270.9| = 2.96 - - 001 - -
6 3.61 0.3 270,9| = 3.60 = = 0,01 = -
7 5.1 1.1 271.4| = 2,99 0,08 =~ - 0,04 -~
8 2,09 6.6 279.8| =  1.34 0.59 = =  0.16 =
9 2,88 1845 204.5| = 0,31 1.95 = «  0.62 -

10 2,91 1%.4 324.7| = = 1.81 044 -  0.46 0,20,

Totals 29.78 0,74 22.63 4.43 C.44 0,06 1.28 0.20

% Eeters  |2.48 75,99 %.88 1.48 0,20 4,30 0.67

% Acids 2,46 75.88 %.93 1,50 0,20 4.32 0.71

% Fraotion (25.4) [0.62 19.28 3.79 0,38 0,05 1.10 0,18




fable 52 — Distillation of B esters from antelope fat
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Ko. Z;: IVe 5.B4 03,° €6° Ot 0t ot ottt mLs.

1 2.20 4141 255.,8 | 0463 0465 0.39 0,53 = - -

2 2453 72,9 285.3| = 0,51 = 0.41 1.52 0.9 -

3 2,91 8662 290.5| = 0,14 « 0.12 2,50 0.15 -

4 4,00 90.5 295.1| = = = = 3,78 0,22 -

5 3635 9044 29642 | = - - - 317 0.18 -

6 2.95 90.5 296.,2| = = = = 2,78 0,17 -

7 2.89 91,75 296,1| = = « - 2,70 0.19 -

8 3447 9048 296,1 | - = - = 3,26 0.21 -

3 2.54 91,0 294.9| = = = = 2,66 0,18 -
10 2.64 90,9 29644 | = = = = 2,48 0.18 -
11 3.11 9042 29641 | = = = = 2,95 0.16 -

123027 89.2 2964 | - - - - )

13 1.96 73.9 327.4| - = - = 0.22

Totals 38.12 0.63 1430 0.%9 1.06 32.60 1.92  C.22
% Esters Le65 3.41 1.02 2.78 85.52 5.04 0458
% Acids 163 3439 1.01 2.76 85.56 5.04 0.61
% Praction (34.9) | 0.57 1.18 0435 0.96 23.87 1.76 0.21

A sample of BS esters after isomcrisatlon at 180°C/60 mine. had

e 45,5, the U.V. absorption of the unisomerised esters

cm

being very small (ot 23kmu),
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Table 53 - Digtillation of C esters from antelope Tat

No. 2;:. LV. 8. o, 04" Mt 0t 051t 0t s, |
1 1.94 37.2 238.4(1.20 0.72 0,02 .- - - -
2 2,80 T4.7 258.1[0.66 2,07 0,07 = - - -
3 3431 9746 266.5| = 3,21 0,10  « - - -
4 6,69 119.6 280.2| = 2,47 0,08 1.25 2:38 0.51 -
5 3.28 155.4 291.5 \- - - -
6 3.05 153.8 292,4 ||~ - - - |
7 3.37 154.1 292.6||- - - -
8 2,57 15444 292,0| |~ - - -
9 3.16 150.1 291.8 - - -
10 3.00 150.4 292.9 - - 9.18 17.43 3.70 -
11 3.46 150.8 293,5 - - -
12 3.09 150.9 295.4 - - -
15 1.59 151.7 295.7] /= - - -
14 4.17 154.7 333.9( - - - 0443
Totals 45.48 1.86 8447 0.27 10.43 19.81 4.21 0.43
% Esters 4.09 18,62 0.59 22.93 43.56 9.26 0.95
% Acids 4,05 18,55 0.59 22.97 43.58 9.26 1.00
% Praction (39.7)[1.61 7436 0.23 9,12 17.30 3,68 0.40

o
Isomerisation Data (E%” values)

en

Fraction l.V., acidse 234@p 2682g
C4 124.8 5308 -
3 15743 587.9 66,5"

% Mgasured after isomerisation at 170°C/15nin. - remainder after
1807°C/o0mi The U.V. absorption of the unisomerised fractions

wa® negligible.
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Table 54 - Component acids of antelope fat

Execludin
Acid A B ¢ |%o%al | ynoaroniriable
Jo wte -—77—————**7T-§—-"-*
% wWhe % mole
Saturated
Myristic 0,62 0.57 | 1.61 2.80 2.82 3436
Palmitic 19.28 l.18 - 20.46 20,62 21 .85
Stearic 379 - - 3¢T9 3482 3665
Arachidic 038 - - U638 038 0«33
Unsaturated
Tetradecernoic 0435 - Ce35 0e35 0ed?2
Hexad@ﬂenOic 0005 0096 | 7036 Se 37 8.44 9002
Hexadecadienocice - - 023 0.23 0e23 (e25
Oetadecenoic 1,10 |29.87 9.12 | 40.09 4Ge42 5835
Oectadeccadienoic - 176 |17.30 [19.06 19.21 18462
Octadecatriencic| - - 3,68 3468 3.71 3,62
Unsaponifisble .18 0.21 GadO 0,79 - -

The following acids were identified in appropriate fractions
of antelope fats— Palmitic aeid m.pt. 62-G3°C.;  stearic acid
mepte 68-69°C.e; oleic amcid as dihydroxystearic acid m.pt.
129,5-13%0.5°C.; hemadecenoic acid as dihydroxypalmitic acid
mepte 126.5-127.5°C.; Llinoleiec acid as tetrabromostearic acid
112-113°C.; linolenic acid as hexabromostearic acid m.pt.
182-183°C.. Quantitative bromination showed the presence cf
%3.2% linoleic and 3.0% 1inclenié acid in contrast to the values
of 57.0% and 64% obtéined by isomerisation procedures for
octadecadi~ and- trienoic acids respgctively. These results
suggest that the C g polyethenoid acids of antelOpo fat are
not essentially linoleic end linolenic acids.
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E Anslyeis of Sea Lion 0il (see page 57)

Tgble 55 - Fractional Crystallisation of Sea Lion 0il
T (corrected weights) v

Hixed Acids 201.Tgm, IV, 1793

10 x MeOH . «60°C
Insoluble 122.%gm. I.V. 94.4 Soluble 79.§gg.01.v.
09.
(Fraetion C)
10 x MeOH «30°C
' Insoluble 69.2 gn. I.V. 56.3 Soluble 53.%52.71.v.
(Fraction A) (Fraction B)
i.e.
Fraction A B C

weight (gm), 69.2 | 53.1 | 79.4
| # wt. of total| 34.3 | 26,3 | 39.4
1.V, : 56,3 | 142.7 | 309.0




Table 56 ~ Distillation of A esters of sea lion oil
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Isomerisation Data

N Wto Ve JE. <3 o o 1 1 ¢ +
O om. TeVe SeEd Gy Cig Cig Gy %6 "Cig” "C20" mLs.
1 2.66 207 242.4 2.59 - - 0007 - - - -
2 2.75 12.8 259.0 | 0,92 1.52 = 0.02 0.27 - - -
3 3428 14.5 268.,7 | = 2,78 =~ - 050 = - -
4 3‘05 1299 268.5 - 2.63 et - 0042 - - had
5 2;81 1107 269'0 - 2-46 haed - 0035 - - -
6 3033 1000 26903 -~ 2098 - o 6035 - - -
7 3.26 906 26902 L 299§' hd - 0033 had - -
8 2.72 1905 2740? - 1-90 O.lO hnd 0021 0051 - -
9 2085 4704.28400 haud . 1007 0026 et 0.12 1040 - ot
10 3.72 T2.3 294.73 - 0«15 0456 - 0,02 2.99 - -
ll 2098 74:3 295.6 - 0047 - bt 2051 - -
12 3.00 73.7T 295.9 - Oebl = - 2:49 - -
13 3.23 T1.7 296.3 - (o662 = - 2.61 - -
14 3034 68.1 29605 o Qo?B - - 2056 bt -
15 1.74 64.1 296.4 - 049 = - 1.2 = -
16 lall 7704 30303 - 0.23 hadt - 0057 0031 bt
17 5050~15L1 32707 - - - - - 5045 0005
Totals 5131 3,51 18442 4,02 0,09 2.57 16489 5.76 0.05
7 Esters | 6.84 35.89 7.83 0,18 5,01 32,92 11.23 0.1G
% Acide 67T 35.80 7.85 0,18 5,00 32,99 11.30 0.11 |
% Fraction (34.3)] 2.%2 12,27 2,69 0.06 1.72 11.32 3.58 0.04
+ aversge unsaturation - 2.1H. ¥ average unsaturation - 7 ,.,8H

Fraction A1l (IV of acids 78.1) after isomerisation with 21%

potassium hydroxide in cthylene glycol at 180°C/15min. had

»E%ém of 14.% and 9.8 at 234 and 268mn respectively, the

U.V. absorption of the unisomerised fraciion being negligible.



Table 57 = Distiliation ol B estors from .ew lion oil

e

' VVto 3% (‘1 - o a 1 R 1: R 20 . 30 . 40
NO» gm. I.V. OoBo 014 016 014 016 018. ’020' Ezz' EoS.

1 2,51 22,7 241,0|1.97 -  C.54 - - - - -

2 2,95 70,6 258.5|CeT4 016 Cu20 1.85 = - e -

3 2084 92t8 267@4 - 3022 ad 2.62 - b bl h

4 3045 8906 27309 - 0020 — 2»34 0091 - faad -

5 2076 92-4 286(1 - 0006 - 0.70 2400 - o~ -

6 3'37 9202 29202 o 0&02 b 0-18 3.17 - bt -

7 3004 9209 293-9 - - - had 5004 bl - -

8 3.08 93,1 293.6| - - - - 3,08 -~ - -

9 4008 9209 294.7 - b - - 4006 - - -
10 3039 9302 29506 - - - - 3-39 - - -
11 2.94 95.3 236.6| =~ - -~ - 2,90 0.04 - -

12 2,91 147.% 299.4| - - - - 1.84 1.07 =~ -
13 3-31 21403 31506 bt hiiid hiid ool 9050 2-71 had -
14 2.82 23?00 32605 - - .- - - 2024 0057 0001
15 6.53 270.5 330.9| - - - - - 4.27 2,21 0.05
Totals 49{98 2eT1 066 Je T4 7.69 25.01 10.%% 2,78 0.06
% Eaters 5e42 1.352 1.48 15,39 50,04 20.67 5055 .12
% Acids 5437 1031 146 15432 50,05 20.76 5.60 04173
% Fraction {26.3) 1edl 0034’ 0.38 4003 13‘17 5047 1047 Ce03

# Wij's 1 hour.

l. Average unssturation - 2.1H
2. Average unsaturation - 2.2H
3 Average unsaturation - 6.1H
4. Average unsaturation - 9,6H

Isomerisation Data (E%ﬁm values)

Fraction I.V. of ac
B3 94.7
B8 97.1
Bl3 216.4

All these values were measured after isomerisation with 21%
'Kﬁﬁ/glycol at 180°C/15 min.

difficult to obtain

ids
27«6 9.1
(3.4) (0.5)
35.4 18.1
(5.0) (0.6)

239.,0 252,53 1
(18.0) (4.4)

becausge ©

224mu 268mp  31l5mp 246mu

Tod _
(0)

9.8 4.7
(0) (0)
51,0 65,1
(0) (0)

Congistent results were
£ turbidity (see page 69 ).

Pigures in parentheses indicate absorption when unisomerised.
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Table 58 -~ Digtillation of C esters from sea lion oil

NO Wt'* b V o T 'c l: Qc 2: !C 3: t 4; L 5: -
. m. e Ve Veale 14 16 18 020 622 f\f.u.
1 2.56 9607 24309 2023 6033 b - - -
2l 2-80 12502 2630§ O¢41 2139 - - - -
3 3055 12400 26404 0039 3’16 - bl bnd had
4 3013 12503 26604 0014 2099 - - - -
5 3023 14804 28105 o 1048 1075 - - -
6 3;21 161.2 289.2 - 0056 2065 - - -
7 3.38 161.9 29101 - 0037 3001 houd bl hnd
8 3'37 262.4 30208 had aad 2006 1;31 bd bl
9 2.7% 31647 307.2| = - 1e15 1458 = -
10 3004 351¢1 31207 - - 0-58 2046 - -
11 2198 §6501 31702 - - 0-03 2095 had -
12 3.21 373.3 322.4 - - - 2&56 0.65 -
13 3.52 37843 324.0] - - - 2,70 0,81 0.01
14 %.42 384.6 328.0f - - - 2.10 1.31 v.01
15 3.27 383,75 33£.2| = - - 1:49 1.77 0.01
16 5-45 386.6 33%.4| = - - 1.42 2.02 G.01
L7 3.04 39249 334.3| - - - 1.16 1.87 0.01
18 32,22 38l.1 333.4| - - - 1.33 1.88 0,01
19 3006 382.0 33408 - - bl lall 1‘94 0001
20 2&78 36002 33607 - - -
21 1.04 35561 332-4 - - - 2481 6059 C.14
22 5,72 228.7 33643| =~ - -
Totals 69.71 3617 11l.28 11e23 24.98 1lE.84 C.21
% Faters 4445 16,18 164,11 35.83 27.03 (.30
% Aclds éOBO“ 16;06 16;07 35089 27017 0031
% Praction (39.4) [L.77% 6433 6.33 14.15 10.70 C.12

+ Wij's 1 hour. " ,
1. Average unsaturation -1.7H. 2. Averasge unsaturation -2.7H.
3. Average unsaturation -4.%9. 4. Average unsaturation -9.lil,

5. _Average unsaturation -1C.8H. # i.e. 0235 01403 15475

€147~ I.V. Isomerisation Data'(Ei%m values)

Fraction &ﬁiﬂﬁ 234mun 268m 300m 315mn 6 .
¢ 124.9 110.4(7.6) "58.0(0.8) HZ. §03~ o7 0% h%'ﬁ’gj
e7 161.5 273.1(31.0)13646(3.7) 117.8(p %0$9%12 6‘%%.5£§}
Gll  357.2 363.0(50.7)330,1 1§§.o ) = o1 6%21 5
Cl7  405.5 413.6(59.7 414.8(32.1)320.8(6.0)375.9(846)32410G

“All these results were obtdined after isomeyisaﬁion with 21%
KOH/glycol at 180°C for 15 min., Figures in parentheses
jndicete U.V. absorption values when unisomerised.
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Table 59 -~ Component acids of sea lion oil

“

w7

- . Exoluding
R Total ngaponifiable
Acl§ A B ¢ % wt. % whey % mole
,Saturatéd
rPigulice 2e32 l.41 0023 3096 297 4.38
Palmitiec 12,27 0.34 - 12,61} 12.63 | 1%.83
|{Unsaturated
C14
("‘"2.0H) O|O6 0038 1554 1098 1.98 204’6
Ci6 |
C1q |
(w2,6H) 11.32 | 13,17 6.33 | 30.82| 30.89 | 30,76
Coo
(=7.5H) 3.88 5047 | 14415 | 2350 23454 | 21467
Caz - | |
(«10,TH) - 1947 10,70 | 1217 124129 | 10,37
mnaaponifiable 0.04 0.03 Q.12 0019 - -

Figures in parentheses indicate mean unsaturations,
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Introduction

it has been remarked in Part I that investigations of
vegetaﬁlé fats have been much more extensive thah those
on animal fats. Thus, the structures of many acids theat
are &ﬁaractoristic of vegetable fats have been determined
with'a gobd deal of accuracy (e.g. Part III). Howev¥er,
inﬁénimal fats, the information on the siructure of the
unsaturated acids is not nearly so comprehcnsive and in many
;%nalyses’Oﬂly the average unsaturation of a group of aclds
;ia recorded. This deficiency in our knowledge of animal
fats, as compared to the vegetable fats, is almost entirely
due tc the relative complexity of the unsaturated acids
present in animel fats. The complicated mixtures of C,, ,,
unsaturated acids characteristic of msrine animal oiles will
illustrate this point. Difficulties in the charaocterisation
of unsaturated acids are increased both by the thermal
instability of the acids and by the intricate task of
separating the acids which may be of the same chain length, but
differing only in the poslitions and configurations of the
unsaturated centres, ané sgince an unambiguous result requires
the separation of the acid free of all major impurities, the
difficulty of analysis will be appreclated,

Many methods of separating unssturated acids have been

tried, and chromatographic procedures seem to be yielding
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the best results, although further development is required
(eegs Hammond and Lundberg 1953). [ For references (o
Part II see page 151]. In this work atiempts have been
made to effect sepcrations usiag a veristy of methods,
notably fractional crystallisation, fractional distillstion,
chromatograrhy, and formation of wrea complexes, none of which
however gave entirsly sstisfactory results.

Agsuming that a reasonably pure sample of an unsaturated
acid is avallable the problem of determiring its structure
fhas still to be solved. Most anzlyses of unsaturated acids
&involve the rupture of the unsaturated linkages and the
subsequent identification of the products. This method
is quite satisfactory in the inveétigatian of the mono-
vnsaturated acide, since there is no anbiguity in the
interpretation of the results. However, in the case of the
more highly unsaturated acids, complete oxidation yields
products which can be characteristic of a number of different
acids and conseguently the coustitution of these aclds can be
given only as a number of alternatives. (Tutiya 1941,
Baudart 1943, ef. Klenk and Bongard 1952). It was therefore
surmised that a process of incomplete oxidation of the
unsaturated s2cids and analysis of the products migh' prove
extremely useful:s in this way the products of oxidation
would give the positions of the double bonds without any

ambiguity, e.g. if an octadecatetraenoic acid on examination
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by this method gave a mixture of 04, C@’ 012

yiic acids and a mixture of 314, clO’ Cg and 03 monocarboxylie

and 015 dicarbox-

acids then the structure of the acid can be given a8
octadec=433:12:15~1tetraenoic acid., However, it is cbvious
that a method such as this depends on the reliability of
analysing'the products of oxidation, which in this case were
mono and dicarboxylic acids. Considerable time and attention
was therefore paid to devising suitable means of estimating
mono- and dicarboxylic acids.

Separation of Dicarboxylic Aclids

As 1t is elearly desirable to be zable to analyse very
small quantities of material, a nicro method was adopted.
A technique which has been used in similar circumstances was
fhat of partition chromatography as develcoped by Begemann,
Keppler and Boekenoogen (1950). These authors used & column
of silica gel to support an sgueous lmmobile phase counsisting
of a mixture of water, ethyl and methyl alcokols in fixed
proportions. The mobile phase was formed oL a benzene soiution
of the dicarboxylic acids under examination. About 20mg. of
the dicarboxylic acids was dicsolved in a few c.c. of the
benzene phase and placed on the column of silica gel; the
mixture was then developed by percolation of the benzene phase.
The percolate was collected in 1 ce.c. portions, all of which
were separately titrated with a standard soiution of alcoheolic
potassium hydroxide, thus giving an indication of the quuntity

of aeid in the percolate. These authors further suggest



et
.l
A%

that by varying the cclumn heights and 1liquid phases, the
enelysis can be adepted to eny particular dicarboxylic acid
or mixture of acids. The efficiency of this method was
exanlned by constructing vericus cclumne under different
eonditions and using various solvente as the immobile phase.
It was found that on using synthetic mixtures of dicarboxylic
acids, it was difficult to obtain renroducible results using
silica gel as the column carrier (prepared as Gordon, Martin
and Synge 1943), and much better results could be obtained
by using a distomaceous earth (Celite 535) as the carrier.

A similar msterial (Celite 545) has been uced succeasfully
by Peterson and Johnson (1948).

-2 - Test mixture 10 consisted of 6.4mg. dodecanedioic
(012), 9.%mg, sehacic (010) and 1l6.4mg. azeleile (Cg) acid.
Thise was dissolved in renzene, the solution placed on a
eolumn of Celite 535 and the analysis carried out (see
experimental, p. 147 giving results as shown in Figure 4.

A quantitative estimation of the amounts of the various acids
was also made by determining the totel quantity of standard
elkall used to neutralise each acid. In this case the
quantitative results are not very good (viz. 7,6mg. 0y,,
1159mgg 310 and l4.2mg. 09) but this may be due to the

inacouracy of the blank measurements used, Nevertheless it
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can be seen that a good qualitative separation has been
achieved. Figure 5 shows a similar separation of 7.8mg.

67, Telmg. Cp and 7.4mg. 05. A vigorous test of the
efficlency of the method was provided by the separation of a
mixture of 9 acids as followste 013 4e2mge} Cyo Sedmges

Cio 3edmg.; 09 4e3mges Cg 5.3mg. 07 4.0mge; Cy 4.6mg.;

05 8,3ug. and 04 2.6mg. A separation of these acids was
achieved (with the exception of 013/C12)by employing two
columns, one of length 34em. to separate the higher acide
giving results as in Figure 6A and one length 9cm. separating
the lower acids ae in Figure 6B (seec experimental p.l147 ),

The identity of any particular peak (obtained by titration)
with an acid can be confirmed by repeating the percolation
with an zuthentic sample of the suspected acid. However it has
been found that by keeping other conditions constant viz.
paoking and length of column, weight of sample, nature of
mobile and immobile phases, the nature of the acid can usually
by determined by observing the peak effluent volumes e.g.

A, B and C in Figure 6€B.

Separation of Monocarboxylic Acids

A considersble number of methods are available for the
analysis of mixtures of small quantities of monocarboxylie
acids. Most of these employ & cystem of partition
chromatography (e.g. Nijkamp 1951, 1953, 1954, Marvel and
Rands 1950) based on the procedure proposed by Ramsey and

Patterson (1945, 1948). In this method the acids are
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separated on a column of silica gel with methanol as the
immobile solvent, 2:2:4 trimethyl pentane ae the mobile solvent
and bromocresol green as an indicator incorporated on the
column. <Jhe positions of the acids on the column are thus
inditeted by yellow bands, The separated acids are titrated
witﬁﬂ9tandard alcoholic potassium hydroxide solution and
identified as in the case of the dicarboxylie acids.

However it was found that the separation was not in general

ap satisfactory as in the case of the dicarboxylic acids and

& number of trial experiments with synthetiec mixtures were made
before the best conditions were ascertained. e.g. Test

Mixture 25 consisting of 9.4mg. ClO’ Teomge CB and 1l.lmg,

07 mone basic scids was dissolved in g small volume of
petroleum ether (b.pt. 120-150°C) which had been equilibrated
with the immobile phase (methanol with 5% water). The
solution of the acids was then placed on a column of Celite

535 containing the immobile phase and incorporating bromocresol
green as indicator. The column had been made slightly
elkaline by the addition of a few drops of N/j, sodium
hydroxide solution and this had imparted a blue colour to the
indicator. The separation of the acids was ascertained by
noting the detachment of yellow bands from the top of the
e&iumn as each acid was eluted with petroleum ether (b.pt.
120-150°C). Titration with standard alcoholie potash gave

results as shown in Figure 7. The identification of the
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acids eould be presumed from the 'eak effluent' volumes

and confirmed by the percolatiion of snother sample of solution
to which an authentic sample of acid had been added. The

use of other indicators as suggested by Nijkemp (1953) was
aiﬁo investigated and although there were indications of
improvement, further work or this aspect wee abandoned

because of lack of time.

Partial Hydroxylation of Unsaturated Acids

It was hoped that this method would yield results which
would be unambiguous as regards the position of the doubdle
bonds in the acid. Other investigators have used similar
methods of partial hydrogenation, but these procedures were
found to be ineffectual because of the nmigration of double
bonds during the hydrogenation (see Hilditch 1949).  Arimune
(1951) found in the process of partial hydroxylation of
methyl linoleate with hydrogen peroxide in acetic acid that
the 12:13 ethylenic linkage was selectively hydroxylated.

This contention is not confirmed by the present results.
[Phe sbstract of this paper appeared after the present results
were completed].

After a number of preliminary experiments, it was decided
tq adopt the following procedure. |

The initial stage was the addition of a solution of
‘hydrogen peroxide in formic acid (Swern, Billen, Findley and

Scanlan 1945), not in sufficient quantity however to cause
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eom%lete hydroxylation of all the double bonds in the
molecule. Thus, for methyl linoleate 55% of the theoreticsal
amount was used. This stage was followed by complete
hydrogenation of the residual unsaturated centres. Oxidation
of the resulting hydroxy acids with potassium permanganate in
glacial acebic acld gave a mixture of mono-and dicarboxylic
acids, which could be separated by steam distillation, the
monoearboxylic acide being volatile. inaglyses of these

acids using partition chromatography then gave an indication
of the positions of the ethylenic linkages in the original

unsgaturated acid. e.g. for methyl linoleste
CH3(CHQ)4~CH=CH~CH2~CHzCH-(CH2)7-0000H3

insufficient HQOQ/H.GOOE

3113 ( Eﬁé 4-CH~CH~(‘£I Z-Ciisﬂﬁ - (CH2 )7 - COOH‘:H!%CHQ rw-:en-cnz-cn-ca- ( 0H2 )7

| | |

OH CH OH OH COOH
H,/Pd
O3 (OHp) y~{B=0H- (CHp) =008 Gt (OB, )~CH~08-(OH, ) =000
| OH OH OE OH
K}no,, /CH . COOH

ﬁﬁg(@ﬂg)40003 + GOOﬂ%(Gﬂé)lowOGOK 033(652)70003 +000H(032)7COOE
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The final stages of ﬁhis vrocedure vere first investigated by
using 9:10 dihydroxystearic acid ae the unknown acid; oxidation
and identification of the resultant acids was successfully
carried out. This technique was taken one stage further by
uging a mixture of 9:10 dihydroxysteariec acid and 12:13
dihydroxystesric acid - the aclds resulting on oxidation were
also successfully identified. A much more rigorous trial of
the method was carried out by partially hydrouxylating a saemple
of methyl linoleate prepared by debromination of tetrabromo-
stearic acid and purified by distillation. Analysis of the
steam volatile material guve two peaks as shown in Figure 8,
which were confirmed to be due to C9 and Cg monocarboxylic
acids. However quantitative examination revealed that the
hydroxylation had gone in very low yield (about 5%). Analysis
of the dicarboxylic acids (see Pigure 9) confirmed this by

separation of the 09 and 312 acids in a similarly low yield.

Nevertheless these results implied that the double bonds in the
original acid were in the 9 and 12 positions. Other investigat-
ors have also found that bydroxylations using performic acid

do not give good yields (cf. Paul and Tchelitcheff 1954, McKay,
Levitin and Jones 1954, Swern and Dickel 1954). A similer
procedure was carried out on a sample of a-elacostearic acid
prépared from Nyasaland Tung oil, but the results were
anamolous and it appears that this acid does not oxidise in

the normal way (cf. Boeseken, Hoogland, Broek and Smit 1927).
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Other methods of incomplete hydroxylation were attempted

- @egs Using potassium permanganate in alkaline solution

(Lapworth and Motitram 1925), but these were not so successful
giving even lower yields than the method involving performie
acid, However it is felt that with further development this
$echnique might prove useful in determining the structures

of unszgtursted acids.

Examination of Ostrich and Crocodile Fats for the presence of

"Vaceenic Acid®

Since a procedure had been developed for analysing small
quantities of mixtures of mono- and dicarboxylic acids, the
opportunilyy was taken of examining the assertion that traces
of trans octadecenolc acids, containing unsaturated centres
other than in the 15.9310 position, have been found in the
body fats of various animals (see Gupta, Hilditch, Paul and
Shrivastava 1950). These acids have been generally termed
"vaccenic acid" and are reported to be both trans octadec~10-
enoic and irans octadec-lleenoic acids. Suitable fractions
from the ostrich and crocedile fates (in A fractions) were
recovered and oxidised with potassium permanganate in glacial
acetic acid, steam distilled and the resulting mixtures of
acids analysed in the usual way. In every case the samples
obtained indicated the presence of an acid with the double

bond in the 9 position only. Infra red analysis aleo
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showed the absence of any Irans compounds (cf. antelope fat,
Part I) and the identity oi the acid with ordinary oleic acid.
[The term "vaccenic acid" has been used rather loosely in
several publications %o demete mixtures of irans ethylenic
acids, It is &l so worihy of ncte that Bumpuas, Taylor.and
Strong (1950) have shown by Y-ray diffraction me thods that
Yrans octadec-ll-envic acid is not identical with natural
‘vaccenic' acid]

Re-examination of Crocodile Fat

All the previous work has presumed that a fairly pure
sample of an unsaturated ascid could be made available. It
has already been indicated that this requirement is not easily
met in the case of the complex mixtures usually associated
with animgl fats. As a large batch of crocodile oil (from
C. niloticus) wae avallable it was felt that further
examination of the unsaturated acids of this o0ll could most
readily be made. In the course of this examination methods
of separating these unsaturated acids were investigated, as
this was necessary befvre mgking aay inquiries into their
structures.

Separation of the Qil into TFractions by Distillation

~ About 1% KEgm of the oil was methylated direetly (Winter
and Nunn 1950) in six batches, by refluxing in a solution of
ether and methanolic potassium hydroxide. The esters were
then submitted in samples of about 250gm. to fractional

distillation under reduced pressure. After redistillation,
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four main fractions were obtained by combination of fractions

of similar boiling points, i.e.

Fraction A which consisted mainly of esterse less than C;. in
length.

Fraction B which conisined mostly 016 esters.,

Fraction ¢ which contained mostly Gls,estere.

Fractior D which contsined mostly esters greater than C,g4 in
length.

These four fractions were examined in greater detail:-

Fraction A

These esters (6l.4gm.) were fractionally erystallised at |

-30°C. giving 41.2gm. insoluble matzrial I.V. 4,3 and 18.,1lgm.

of solublie materisl I.V. 66.é. The former fraction was

submitted to fractional distillaticn snd determination of the

S«Es's showed that myristic acid was the 'lowest' acid present.

This acid was separated from one of the fractions giving a

sample m.pt. 53-53.5°C. The soluble esters were also

fractionally distilled, the S.E.'s indicating once more

that there were no acids of chain length less than 014.

Sulitable fractions were oxidised with alkaline potagsium

permangsnate (Lapworth and Mottram 1925) to characterise the

mcpoethenoid acids as dihydroxy acids. The crude dihydroxy

acids were recrystallised from alcohol giving two batches

of crystals, one of which on recrystallisation gave a small

amount of a white ecrystalline material me.pte. 111.5-112°C,



[Found: C, 64.3; H, 10.5¢4. Celc. for dihydroxymyristic
acid 014H2804: C, 64465 H, 10U.8%]. The second batch of
erystals on recrystallisation geve another sample m.pt.
123°C,  |Pounds C, 64.9; H, 10.7¢]. This suggests

that there are two tetradecenoic aclds present, the higher
m.pt. derivative denoting the A7 acid [ef. Boughton, Bowman
and #mes, 1952], there being no indication in the literature
of a dihydroxy myristic acid m.pt. 112°C.  Although only a
very small sample of this dinydroxy acid was available,
oxidation with potassium permanganate in acetie acid was
carried out. Separation of the products by steam distillation
and partition chromsatography suggested that the original
tetradecenoic might have the double bond in the 7 position,
although this was far from conclusive. If this suppositioun
is proved to be correct it is evident that this acid will be
analogous to oleic acid, in that the double bond is situated
in the centre of the molecule.

Fraetion B

Fractional crystallisation of this fraction at 0°C, =-20°C. and
-30°C resulted in the removel of about 180gm. 0 mostly
saturated esters (probably methyl palmitaté). A further
erystallisation at -70°C gave two fractions viz. 102gm. of
ingoluble esters I.V. 84.8 and 28gm. of soluble esters

I.V. 122.9.
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The insoluble esteres were fractionally distilled, and
after determining the usual constants, suitable fractions
were utilised to characterise the hexadecencic acid which
seamed‘to be the main component. Thus, a sanmple of estasrs
(8+4gm., SeEa, 268.0, I.V. 93.8) when submitted to isomerisation
with e 744 KOH/glycol solution at 180°C. for 60 min. showed
an E%fm et 253mu of 19.4 (i.e. about 2% of conjugated
diethennid acid present). A sample of the aclds recovered
from this fraction was oxidised with potassium permanganate
in acetic acid and the products separsted by steam distillation..
Partition chromatogranhy showed the presence of heptanoic
and azeleic acids, the latter being also confirmed by the
separation of a white sdlid m.pt. 100-103°C,  (Mixed m.pt.
with en suthentic sample of azeleic acid was 103~105°C). The
p~bromophenacyl ester of the acids derived from these ester
samples was obtained as white crystalline needles m.pt.
39~39,5°C., [Found: ¢, 63.6; H, 7.8; Br, 17.7%. Cale.
for p~bromophenacyl ester of hexad=cenoic z¢id: C, 63.9;
H, 7.8 Br, 17.7%. cf. m.pt. 39.5-40°C. for ester from
synthetic hexadee=9-enoic scid (Baudart 1945)]. This work
therefore confirms the presence of hexadec~3~enoie (palmitoleic)
acid in crocodile oil.

The esters. soluble at =70°C. were also fractionally
distilled, suitable fractions being recovered for further
exanination. The recovered acids (i.e., the most unsaturated)

were isomerised in the usual manner giving results as followss
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E}% st 234mp = 154.9; Bity ot 265up = 37.7.  Attempts
were made to concentrate the polyethenoid esters in these
fractions by separation on a coluan of silica gel and 'Celite’
and eluting with petroleum ether (b.pt. 40-60°C.) [of.
Riemenschnelider, Herb zud Nichols 19491, However this
method did not yicld gsatisfactory results. Separation of the
Cig Dpolyethennld aclds was then attempted by the preparation
of the urea eomplexes. [ef. Silk, Sephton and Hzhn 1954 1.
Although some concentration of the polyethenoid acids was
achleved by this method, the presence of a complex mixture
was 8ti11l evident ss ig showa by the U.V. spsctra after
1gomerication viz. 41"’ at 234mp 521.1, at 26%ma 130.5 with
weak maxima at 300 and 31l5mp. A sample of these aclds was
brominated and it was found that a white solld appeared in
the ether solution suggesting the presence of a hexabromide
(cf. Markley 1947). This solid had 2 m.pt. 181=-185°C and
was goluble in hot benzens, a white precipitate m.pt.
189-192°C appearing on standing. Purther recrystallisation
gave m.pt. 190-192°C. = {softens 183°C.) [Pound: Br, 66.1%;
Cale., for hexabromopalmitic aeid C1gHogBrg0,: Bry 65.7%].

A trace of material scluble in benzene but insoluble in
petroleun ether (b.pte 40-60°C.) mept. 99-102°C was obtuined
but there was insufficlent for further investigation.

Fraction C
Esters from this fraction which were insoluble at 0°C.
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(I.V. 28.7) were fractionally distilled., Recovery of zcids
from S.E. residues of aprrovriate Ffractions was followed
by oxidation with alkaline potassium permanganate. On
crystellisation from ethanol (after extraction of saturated
acide with petroleum ether),.the dihydroxy acids were obtained
m.pt. 112-118°C., Purther extensive recrystallisation was
guceessful in yielding a sample m.pt. 129-126.5°C., =lthough
it was very evident from the difficulty of separation that
the origingl dihydroxy acid was not homogeneous, A sample
of this mixture of dihydroxy acids was oxidised with potassium
permanganate in acetis =eid in the usual way and the products
analysed by partition chromatography. Although the resulis
were far from conclusive the analysis of the monocarboxylie
acide showed the presence of aA9 awidand possibly twe others,

Further fractional crystallisation of this fraction at
lower temperatures followed by distillation amd urea complex
formation merely confirmed the pressnce of linoleic acid by
the separation of the tetrabromostearic acid m.pt. 109-110°C,
Fraction D

This fraction consisting mostly of esters of acids
greater than C;g in length, was submitted to fractional
crystallisafion. However bromination of suitable fractions
showed that complex mixtures were present e.ge Bromination
gave an‘ether-insoluble white powder m.pt. 211-215°C,
[Found, Br, 61l.4%: Calc. for hexabromoarachidie acid



0201%431'60&: Br, 61.07] amd a szall quantliiy of an ether
soluble powder m,pt. 161-164°C. (tetrabromide?). There
were no indications of monoethenoid acids in this fraction.

It will be seen %hat the results cbtained from this
series of experiments :::r‘e-rather ungatiefactory and further
puccessful results awslt the introduction and development
of new methods of snalysing the complex mixtures ®o
characteristio of this type of work.

140
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sxperimental

Partition Chromatography of Dicarboxylic Aecids

It was found that for acids of G or less a short column
of length 9em was sufficient to separete the acids. On this
column any scids longer than C; appeared to percolate through
in the first 20 c.c. without any apoyrecizble separation. The
column was prepared and the snalyeis carried out as follows:~
3gm. 0f 'Celite 53%5' was placed in a mortar and % c.c. of an
aqueous phase consisting of 4 parts ethanol and 6 parts
water were added and carefully distributed throughout the
Celite by means of a pestle. About 25c.c. 0f the mobile
phase (thiophene free benzene, an egual volume of which had
been equilibrated with a volume of the immobile phase) was
then added in small portions until a whife slurry was obtained.
This suspension was slowly poured into a glass column, lem. in
diameter, having a small wad of cotton wool at the bottom
eonstriction, and gently packed down with & perforated metal
plunger, at the seme time, making sure that the slurry never
went dry. In this way a olumn 9cm. in length was obtained.
The acids to be analyséd were then dissolved in about lc.c.
of the equilibrated benzene and carefully added to the top
of the column. Percolation was then carried out by adding
small quantities of the equilibrated benzene to the top of
the column. If the percolation appeared to be too slow it

was accelerated by applying an overpressure with compressed
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8ire The percolate wuas e¢oilected in lc.ce portions and
titrated with standard alcoliolic potassium hydroxide (3/50)
using & microburette and thymol phthaiein as indicator.
(vigorous shaking ves required near ithe end point).

Por acids of lengtu C7-012, g iunger eclumn was required
gnd this was obtained by slurrying 1Ggu. o Celite 535 with
10e.cs 0of an egqueous phase consisting of 3 parts ethanol,

4 parte methanol end 3 parie water, The analyeis was then
csrried out as sbove. |

Partition Chromatography of Monocarboxyiic Acids

The column was prepared by placing 20gm. 'Celite 535' in
a mortar aend adding L0c.c. of the imrobile phase (methanol with
54 water) contsining lc.ce. of the standard indicator solution
of bromocresol green. fhe agueous phase was disseninsated
througﬁbut the earth usinug the pesile, until the whole turned a
pele yellow colour: 10 drops of ﬁ/lO methanclic potassium
hydroxide solution were then added and the Celite again mixed
with the pestle until a uwniform deep blue colour was obtained.
About 50c.c. of peireleur ether (b.pt. 125°-150°C.) (mobile
phase) was then slowly added to the Celite until a slurry was
produced. This suspensiorn was added to the column and the
packing and the subseguent analysis carried out as in the case
of the dicarboxylic acids. Hovwever, in this case the course
of the separation could be followed visually by the eeparation

of yellow bands against a blue background.



Parti&li@[@roxylation ol sethyl Linoleate

L.00m. of methyl linclezte was nmized with 3c.c. of formie
acid (98k100%) and C.36¢c.c. of hydrogen percxide solution
added [i.2., enough to react with 1,05 double bonds; strength
of the peroxide wae checked and found to be %3.5gm. hydrogen
peroxide per 100c.c. 2f solutionl]. This suspension was
shaken at room ﬁemperature for azbout 1 hour and then saponified
by adding 20c.c. of 5N elcoholic potassium hydroxzide and
refluxing on the water bath for about % hour. The resulting
soap solution was then acidified Ly the sddition of 15c.c.
of BN HC1l, cooled and extracted with zbout 75¢.c. chloroform
(3 x 25c.ce)s This solvition was dried with anhydrous sodium
sulphate and the sclvent removed giving 0.93gmn. material,
which was dissolved in aleohol and hydrogenated using
palladium chareosal as catalyst,. When no more hydrogen was
abegorbed the catslyet was filtered off, some of the alcohol
removed by distillation, weter added and the resultant
dihydroxy aclde extracted with chlorcform (3 xz 25c.c.) and
the solution dried with anhydrous sodium gulphate. Removal
of the solvent gave @.73gm. of s0lid oxidised by dissolving in
21.8¢,cs 0of glacial acetic acid and adding 1.82gm. of powdered
potassium permanganste. This solution was then shaken at
50°C. for 4 hours. Most of the acetic acid was then distilled
of? by heating on the water bath at 40°C. under reduced

pressure. Abcut 30c.c. of vwater was added and sulphur
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)
&ioxida pessed through the solution until there was complete
decclorication, The solvtion was then steam distilled until
gbout 200c.cs of diptiliute was collected, This distillate
and the residue frow the steam distiliation were both
extracted with c¢hloroform and the soluvions dried with
anhydrous sodiwm sulphate, Kemoval o the solvent gave
63sdng. of steam volutile material and 254.9mg. of residue.

The steam volatile muterial was then dissolved in equilibrated
petroleum ether (bepte 120-150°C.) (see page 149 and made up

to Besc. in e standard flask. One c.c. of this solution was
withdrawn and ezamined by partition chromatography for mono=-
carboxylic aclds, showing ithe presence of Cg and G, acids.
[Results szowed sbout 314 Cg and 3 5% Gg - remainder assumed
due %o formic and acetic acidsl]. The residue from the steam

- distillation was extructed with hot p2troleum ether (b.pt.
60-80°C.). On sllowing to cool, the supernatant liquid
containing saturatved acids was decanted off and the residual
dicarboxylic acids heatec v tie sieam bath to drynese (115.9mg)
These sclds were dissolved in eguilibirated benzene and made up
to 5evc. in a graduated flask, One ce.c. of this solution was
withdrawn by pipette and analysed for dicarboxylic aelds ln the
usual manner, showing the presence of Gg and C,, acids. This
procedure thus confirmed the structure of linoleic acid as

octadeca-~9:12-dienoic acid.



Bibliography te Part IT

Arimune (1951), J. Chem. Soc., Japsn, Ind. Chem. Sect., 54, 739
{Chem. Abstr., (1953) 47, 90321,
Bavdert (1943}, Bull. Scec. Chim., 10, 440.

Bzudart (1945), Bull. rat. grasees inst. colonial, Morseille,
29, 75.

Begerann, Keppler and Boekenoogen (1925C), Rec. Trave. Chim., 69,
439.

Boeseken, Hoogland, Broek and Smit (1927), Rec. Trav. Chim.,
46, 619,

Boughton, Bowman snd Ames (1952), J. Chem. Soc., 671.

Bumpus, Taylor and Strong (1950), J. Amer. Chem. Soc., 72, 2116

Gordon, Martin end Synge (1943), Biochem. J., 37, 79.

Gupta, Hilditeh, Paul and Shrivastsva (1950), J. Chem. Scc.,
34€4.

Hammond and Lundberg (1953), J. Amer. 0il Chem. Soc., 30, 438,

Hilditch (1949), "Irndustrial Pats and VWaxes," Ballidre,

Tindell and Cox, London, 3rd. Edit. pp. 281-286,
Klenk and Bongard (1952), Hoppe Seyl, Z., 290, 181; 291, 104,
Lapworth and NMottram (1925), J. Chem. Soe., 127, 1628,

Markley (1947), "Fatty Acids, their Chemistry and Physieal

- Properties,"” Interscience Publishers Ltd., London, pp. 605=
603,
Marvel and Rande (1950), J. Amer. Chenm. Soc., 72, 2642,

McKay, Levitin and Jones (1954), J. Amec. Chem. Sog., 16, 2383.

Nijkamp (1951), Anal. Chim. Acta, 5, 325,




H

Wijkanp (1953), Nature 172, L102.

Nijxamp (1954), Aungl. Caise Acta, 1u, 445.
- Paul and Tchelitcheif (1554), Compt. rend., 239, 1504.
Peterson and Johuson (1248), J. Biol. Chem., 174, 775.

Ramsey and Potterson (145), J. Assoc. Offie. Akr. Chem., 28,

644, idem. (1345), ibida., 31, 137.

Riemenschneidar, Herb sudé Nichols (1943), Je Amer, Qil Chem,

80c., 26, I7i.
Silk, Sephton and Fehm (i954), Biockem. J., 57, 572.
Swern, Dillen, Findley and Scanlan (1945), J. Amer. Chem. S0C.,
67, 1786,
Swern and Dickel (1954), Jg. Amer. Chem. Soc., 76, 1957.

Tutiye (1941), J. Chem. Sog., Japan, 62, 10, 552.
Winter and Numn (1950), J. Sc. Bd. Agric., i, 18, 311, 314,






R

153

.

;ntrddgction

Analyses of vegetable fat composition have shown that,
in contrast to the animal fats, the component acids of s=eed
fats are often charécteristic of the families into which
plants have been divided from consideratien of morphology
and physiology. The following account deals with an
investigation of the constitution and properties of an
acetylenic acid, a type of acid that has not yet been
found in animal fats (cf. page 72 ).

Sandalwood is a highly scented wood, and as such finds
extengive use in the many Buddhist temples throughout India,
The tree from which the wood is obtained (Sentalum album.
Linn.) is an evergreen and there are considerable plantations
in 8ll parts of India; it bears fruit twice a year and ite |
seed has been found to be rich in oil.

The oil from the seed of Santalum slbum L. has been the

subject of several preliminary investigations., (Reo et. al.
19343 Rao 19373 Iyer 19353 Sreenivasaya and Narayana 1928,
19%63 Xotasthane and Narayana 193%8). {For references ﬁo

Part I1I see page 182]. Thesé workers have shown that

the seeds contain an o0il which resdily polymerises, and some of
them suggested that the oil might be commercially important.
The first detailed examination of the oile was underteken by
Madhuranath and Manjunath (193%8). These investigators found
that the 0il on hydrolysie consisted essentially of one

component and a trace of palmitic, oleic and linolenic acids.
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This major component was a solid acid m.pt. 41-42°C., for
which ana;ysim indicated the formula 618H3002. On
hydrogenation 3 meles of hydrogen were absorbed giving
stearic acid. The acid had an I.V. of 133 and they made an
unsuccessful attempt to prepare a maleic anhydride adduct.
The acid was found to be different from punioic‘aeid mepte
44°, a stereoisomer of elaeostearic acid, and on this
evidence Madhuranath and HManjunath postulated that the acid
was an octadecatrienocic acid, which appeared to be non-
conjugated and named it santalbic acid.

Santalbic acids Isclaticn and constitution

A sample of the seeds of Santalum album L. was obtained

in this laboratory and no difficulty vwas found in extracting
santalbic acid.

The dried seeds were brown in colour and in size were
similaxr to amall peas. The seeds when crushed in a mortar
and extracted with light petroleum yielded a pale green
viscous 0il (53.5% of weight of seeds), which on hydrolysis
gave the mixed acids as a pale yellow oil. During hydrolysis
a rubbery substance separsted out; this material seems to be
characteristic of the oil (e.g. Madhuranath and Wanjunath
found 5.2% present in the oil; in this case an estimation of
the amount of unsaponiflable materiagl gives the figure of
6.9%)s Crystallisstion of the mixed acids from light
petroleum gave crude santalbic acid (ca. 75%: mept. 36-38°C.)
readily purified by repeated crystallisation (66%; me.pte
38.5=39.5°C) »



155

In view of the possible commercial importance of the
seeds, & sample of santalbic acid was obtained directly
from the seeds. The crushed seeds were hydrolysed with
aleoholic potassium hydroxide i.e. without any preliminary
extraction of the oil. On acidification and extraction
with ether, the mixed acids were obtained and santalbic acid
extracted in & yield of 19.34 (of weight of seeds),

An ultraviolet absorption examination of santalbic acid
showed a maximum at 22%9mu (log € 4.22) and a point of
inflexion at 24qu {log € 4.086). These values indiceted
that the acid did not conteln s conjugated triene as
chromophore, but probably an enyne system (Heilbron, Jones
end Weedon 1944). A naturally occurring enyne acid has been
described (Lighthelm, Schwarz and von Holdt, 1952; Ahlers
and Ligthelm 1952) and a comparison of the two acids and
their p-bromphenacyl esters revealed their close similarity.
The identity of this aecid, ximenynic acid with santalbic acid
has now been confirmed by hydrogenation, oxidation and infrs
red spectrum (preliminary note: Gunstone and licGee 1954)
and by comparison with a synthetic sample (Grigor, Mclnnes and
MoLean, 1954, 1955).

Chemical evidence for the structure of santalbic aeid

has been shown by the following serlies of reactions,
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033~(8K2)5~GOOH + GOOH*(OEZ)7GOOH
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Santalbic seld (I)readily absorbed 3 moles of hydrogen giving
stearic acid and oxidation with potassium permanganate in
acetic acid (Begemann, Keppler and Boekenoogen 1950) yielded
n-heptanoic acid (Ia) and azeleic acid (Ib). These facts
cogpbined with the U.V. spectra data showed that the acid had
one of the following structures.

A) CHy-(CH,) =CH=CH-C=C-(CH, ) o~COOH

B) CHB—(CHQ)S-OEC-GH=GH—(CH2)7~COOH.

The position and configurstion of the double bond was

characterised by utilising the action of performic acid
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(Swein, Billen, Findley a2nd Scanlan 1945). A triple bond
has been shown to be resistant to the action of peracids
(Malenok and Sologub 1936, 1940, 1941; Walenok 1939) and
consequently the en-yne system of santalbie aeid will be
oxidised preferentiaily at the double bond to give 11:12
dihydroxystearolic acid (II). On catalytic hydrogenation
of II)an 11312 dihydroxystearic acid (III) was obtained
mept. 126-126.5°C. [a later semple on crystallisation
gave m.pt. 127-128°C.]s The structure of this acid was
shown by oxidation with potassium periodate (cf. Gunstone
1954), the products being heptemal (IIIA) and 10-formpl-
decanoic acid (IIIB) which was subject to further oxidation
with potassium permanganate to give 1:11 undecanediolc acid.
Previous work on the 11:12 dihydroxystearic acids
(Bounds, Linstead and Weedon 1954) shows that the erythro
acid has a m.pt. ebout 129°C. (values from 125.5-126°C. to
129«130°C. have been reportied) and the threo  acid auvoutb
94°C. It is therefore evident that III must be erythro
11:12 dihydroxystearic acid, and since performic acid gives
trane addition to the double bond, it follows that the
originai double bond of the salifalbic acid must have had
the trans. configuration. (cf. Raphael 1949). The irans
nature of the double bond has also been confirmed by infra
red spectroscopy (Gunstone and WcGee 1954). From the
foregoing evidence, santalbic acid must have the structure

A) with the double bond having the trans configuration.



Purther Reactions on Santalbic Acid and its Derivatives

The structure of 11:12 dihydroxy stearolic acid (II) was
confirmed by oxidation with potassium periodete (cf. Gunstone
1954) to give heptanal and 10-formyldee-9-ynoic acid (IV).
Although not very stable this compound was sgtisfactorily
analysed, its ultraviolet absorption measured and a 2:4
dinitrophenylhydrazone prepared. his latter compound is

a deep yellow colour in contrast to the orange and red
colours generally apperent in the 2:14 dinitrophenylhydrazones
of ap unsaturated aldehydes and ketones (e.g. 2:4 dinitro=-
phenylhydrazone of ll-formylundec-lO-enocic acid was obtained
from ethanol as deep orsuge crystals: Guustone 1954).
Simllar yellow 2:4 dinitrophenylhydrazones have been reported
from but-2-ynal and hept-2-ynal (Lunt and Sondheimer 1950).
This decreased colour intensity is probably due to the fact
that the N electrons of a triple bond are more tightly bound
than those of a similarly situated double bond (Raprhucl 1955a).
The ultra=-violet spectrum of this acetylenic aldehyde (IV) is
interesting in that & higher intensity of abscrption was
observed in hexane solution than in a solution of rectified
spirite; and in addition other maxima were noted in the
former solvent which have previously not been reported (see
Figure 10). The lower gbsorption in rectified spirits may
be due to hemiacetal formation as suggested by Ashdown and

Klets 1948 (cf. Crombie 1955a).
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‘Dihydroxystearic acid (III) was further oxidised with
potassium permanganate in acetic acid to give heptanoic acid
and 111l undecanedioic acid,

Previous attempts to convert the enyne system of
xiﬁénynio acid to the corresponding conjugated dlene by
partial hydrogenation using a poisoned catelyst proved
“unsuceessful, (Ligthelm, Schwartz and von Holdt 1952).
However, Lindlar (1952) has shown that on shakihg with
hjdrogan in the presence of a lead poisoned palladium-calcium
carbonzte catalyst and guinoline, a triple bond is reduced
to a double bond having the cig configuration (even in the
presence of double bonds). Thus methyl deca irans-2-en—4-

ynoate was reduced to methyl deca trang-2-gis-4-diencate

(Crombie 1955b). = This catalyst has also proved invaluable
in the syntheses of vitamin A, the carotenoids and analogous
subastances (See Raphael 19554). Using this method, a
conjugated acid m.pt. about 0°C. was obtained from srninlbic
aoid. In ethanol solution there was no break in hydrogen
absorption and the reaction was stopped after the required
amount of hydrogen had been absorbed; in light petroleum
golution there appeared to be no absorption. Thie conjugated
dienaic acid on examination by ultra-violet spectroscopy gave
a Sroad band with a maximum at 23lmp ( €24,000) end a weak
point of inflexion at 240mn (see Figure 11). (Thie latter
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characteristic might of course be due to traces of santalbie
aclid in the product, since this acid was not purified).

These results agree with the properties of octadeca-cis~9-irans.

ll~dienoic acid as prepared by Nichols, Herb and Riemenschneide:
(1951) from elkall isomerised linoleic acid viz. mept. -6° to
+ 3°C, and maximum at 233mu ( €24,4C0), |

In the presence of iodine this acid réadily isomerised
(Nichols, Herb ahd Riemenschneider 1951) to produce the

corresponding trans-itruns acid m.pt. 53-54°C., which showed

ultraviolet absorption spectra with a maximum and two points

of inflexion (see PFigure 11). The maximum at 231lmu

( ¢ 33,300) and points of inflexion at 227mp and 239Ymu

confirm the general observation that the trang isomer shows
more structure in the region of maximum absorption than the
corresponding cig isomers (cf. maximum at 23lmp with

¢ 32,200 obtained by Nichols et al. 1951). It is interesting
to compare the ultra-viole! avsorption spectrum of tae trans-
drans acid (Mangold's acid: Mangold 1894) with the proposition
that a conjugated diéne should exhibit three cusps, and

that the failure to find these cusps is in general due to the
lack of sufficiently good resolution in spectrophotometers
(Hammond and Lundberg 195%). Kass (1944) has also published
an absorption spectrum for this acid (obtained from dehydrated
castor oil), showing a maximum at 232mp ( € 32,200) and two
points of inflexion at 224mp and 239gn [Van der Hulst(1935)

reports a maximum at 23lmp ( € 33,600) for this acidl.



FIGURE 11 ULTRA VIOLET ABSORPTION SPECTRA

OF OCTADECA-9 :11-LIENO010 AOILL
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Evidence for the trens—trang conjugated nature of Mangold's

acid was further confirmed by the preparation of the maleic

anhydride gdduct.
Another reaction in which use was made of Lindlar's

catalya* was the preparation of 11:12 ﬁihydroxyoctadec-cls~9-
enoic mecid (V) (i.e. 11:12 dihydroxyoleic acid).

Selective hydrpgenation of a triple bond can‘also be
carried out using lithium aluminium hydride. It has been
ghown that this reagent furnishes excellent yields of trans
ethylenes from acetylenes if the triple bond is flanked
by e propargylie hydroxyl group. (Raphael 1955b, Bates, Jones
end Whiting 1954).

L(CUHq.
CHz (CHa)g- CH= cu c=c- (cuz) COOH —ﬁrCH;;(CHz)SCH cu €= C-(CHy )~ CHOH

- | v
N 202 /i coou. H202 [y coon
L aeHy,
CH3 (CHy)g .CH- CH=-C=C~(Cw,) - COOH —+CH3((H1)5 CH- CH- CzC-@Hy),- CH0H
OH OH ) OH OH
_ T w
,‘ H’L/Pd" ) ‘ HJ'/PLL,
3
‘? ‘ LlalH
1 CH3(CH2)5 CH-CH- (('H:;)q COOH ————>~cH3(m,)5 cu cu (cul)q-CHon
NE on o oW bH
* i Vit
LiQud,

L)CHa(CH,)S CH- CY-CH= cu~(c Hy) -CooH ———rcugccuz)j cn*cu -CH= CH (ca,) .CHot
oH OH OH oH

T _ IES
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ll:lé Dihydroxystearolic acid {(II) secemed to have the structure
necessary for the reduction of the triple bond and attempts
were made to reduce this acid with the reagent to the
eorrésponding Irans-ene triol. This reaction was carried
out several times using increasing quantities of lithium
aluminium hydride and longer reaction times, but the only
product obtained was the yne-triol (VI).  The structure of
VI was confirmed by preparing ximenynyl aleohol (VIII)
(Ligthelm, Rudloff and Sutton 1950) and subsequently oxidising
this with performic acid to 1:11:12 trihydroxyoctadec~9-yne
- (vI1), |

The selective reduction with 1ithium aluminium hydride
hae been explained (Attenburrow et al 1952) by the probable

formation of an intermediate aluminium complex of the type:~

This mechanism accounts for the necessary presence of a
propargylie «OH group and for the trans configuration of the
product. The only other exception to this selectivity has
been the case of & compound in which a bulky trimethylcyclo-
hexenyl group was ¢ to the triple bond. Steric hindrance

probably prevents the formation of a complex of the above
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type (Raphael 1955¢). It therefore seems that there is

a2 further limltation of this reaction in that it ie not
applicable to acetylenic glycols of the type ~C(OH).C(0H)=CZC-.
It is well Xmown that the viec glycols easily form metal
complexes; thus the oxidative cleavages involving 1:2 glycols
and formation of aldehydes have been shown to be dependent

on the initial formation of compiexes of the type

(|}H ~ R (Heidt, Gladding and Purves 1945)., It
- (G - O

therefore seems likely that the preferential formation of a
— CH - _ ©,
complex of the type ?H 0\\A1//0 - ?H

C=EC-CH=-0" N —CE~C=¢C =

in the case of 11312 dihydroxystearolic acid hinders the
formation of the complex involving the transition of the
triple to the trans double bond.

Catalytic reductioh of the =yne triol (VI) gave
1311312 trihydroxyoctadecane (VII), also obtained by Lithium
alupinium hydride reduction of the 11:12 dihydroxystearic
acid (IfI) and by catalytic reduction of the 1:11:12
trihydroxyoctadec-cis-~9-~ene (IX), the latter eis ene triol
being obtained by lithium aluminium hydride reduction of the
dihydroxyoleic aecid (V).

Santalum album Seed 0il. ¥From spectroscopic data, it is

evident that the mixed acids (excluding unsgsaponifiable

material) contain 95% of santalbic acid along with 5% of other
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g
unidéntified aclds., The ulira-vioiet absorption of the
oil itself gives a content of 88% santelbic acid (as
glyeeridea), From this U,V. data then the approximsate
composition of the oil can bve given as 88% santalbie scid 7%
unsaponifiable material and 5% minor acida.

The en-ynoic acid has now been recognised by Ligthelm,
Horn, Schwartz and von Holdt (1954) in three South Afriecan

Ximenia specics (Naturel order; Olacaceae): X. caffra,

X gaffre var., natelensis, L. americaena var. microphylia,

and by Hatt and Sgumer (1954) in two species of the Santalum
genus (Natural Order; Santalaceae): S. acuminatus (D.C.)
(the eweet Quavdong) and S. Murraysna (F.v. M) (the bitter
Quandong)., The contents of oil and proportions of
ximenynyl giyceride in these oils areicompared with the

present sample in Table 60,

fable 60
il % o0il % ximenynyl
extracted __glyceride

| 8. acuminatus D.C. 55=60
; 40-43

5. Murrapyana F.v.M 65-T70
k-gimenia oils 64.1~6844 22-24
8. aibum L. 5545 . 88

There has been no evidence for the presence of a hydroxy aeid

in the oil from S. album L. as has been found in the X. caffre
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seed o0l1l (Ligthelm 1954}, It ie epparent from the Ffigures
in Table 60 that sondsl seeds provide the best source of this
enynoic acid,being readily isoiated in high yield by
crystallisetion of the mixed aeids. It is interesting to
note that the Ximeniz end Santalum genera balong to closely
related families grouped in the sentslales and apart from
two analyses (Puntambeker erd Krishna 1937; Boekencogen 1939)
of X, fmericang seed oil, which msy be in ervor (cf. Tigthelm
et al. 1954) each suecies of these two genera yet examined

containe this enynoic acid. Hatt and Szumer (1954) in their

examination of the two Australisnmembers of the Bantaleceas,
suggésted thet sentalbic zeid from §. album would prove identieal
with ximenynic acid. As a full examination cf oils from

other species of Santelum is envisaged by these workers it

will be interesting to see if this acid provides another
ililustration of a particular acid being characteristic of a
botaniecal claseification, (An account of this work %as been

accepted by the Chemical Society for publication in the Journal),



Experirental
- Abgerption spectra were determined with a Unicam cuartsz

spectrophodemeter using rectified spirits as solvent (except
where‘otherwise stated). ight petroleurn refers to the
fraction of b.pt. 40-60°C.

Santalunm slbunm L. Seed Qil:

The dried seecds (100 = 15.,1lgm.) were coarsely ground in a
mortar end extracted (Sozhlet) with 1ight petroleun,

. Removal of the solvent left a ®wiscous pale greenish-yellow
liquid of I.V. 152.5 and S.E. 332.8.

Isolation of Samtalbic acid:

The oil (131lgm.) was hydrolysed by refluxing with
alcoholic potash (53gm. KOH/53gm. H,0 in 780c.c. alcohol)
for one hour, During the aydrolysis, & guamy material
separated out, which waes rejected in +the later extraction,
About 400c.c. of alcohol was distilled from the hydrolysate,
and extraction of the neids carried out with ether o ter
acidifying the soaps with 25% pulphuric seid and adding plenty
of water. On drying the ethereal solution with anhydrous
magnesium sulphate and removing the solvent, 103gm. of &
golden yellow oil waas nroduced. Crude santalbic acid
(77gm. m.pt. 36=33°C.) was obtained by erystallisation of the
0il from light petroleum at 0°C. Reerystallisation and
working up of the mother liquors gave the pure acid (68gm.
mepte 38.5-39.5°C.) as shiny white plates and a further
guantity (10gn.) of crude mcid.
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In view of the high proportion of santalbic acid
pregent in the oil, santalbie acid was obtained directiy
from the seeds, without intermediate extraetion. (This
- method saves time but the yield is not so high).

30gm. of seeds were crushed in a mortar and refluxed
with alcoholic potash (6gue. ZOH/6c.c. H,0 and 150a.c.
alaohol) for one hour, *ths solution assuming a deep yellow
colour. About 50c.c, '0f alcohol wes distilled off and the
remalning solution filtered. The residue rema ning oa
the filter papyer was well wasined with watler. It was found
that the filtrate became very dark ved in coiour (i.e. on
addition of water). Sulphuric ascid (25c.c.: 25%) was then
added and the solution extracted with ether (3 x 150c.ce);
at this siage an emulsion was formed which did not entirely
settle on standing. The clear ethereal solution was
decanted off and the rvemainder which was in suspension was
shaken with anhydrous magncesium sulphute. This procszdure
seemed to be successful in breaking the emulsion and most
of the yellow ether extract was finally obtained by
decantetion. On drying this etheresal solution, removal of
the solvent gave an crange yellow oil (10.6gm.) which later
golidified. issolved in 1light petroleum (50c.c¢.) and
allowed to crystallise at 0°C. the 0il gave a pale yellow
solid. By redissolving this solid in light petroleum

(50c.c,) and purifying by refluxing with animsl charcozl,
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filtration and eooling slowly to 0°C. gave the characteristic
white plates of santalbic ecid (5.850., mept. 37-39°0).

The p~bromopnenacyl ester, srepared by standard methods,
‘was obtainad os white crystals mept. 53-54°C.  (Found:
Co 65465 H, 7465 3Br 17.1%. Cale. for 0y Hzc0-Br:
Cy 65.73 H, T.43 Br, 16.,3%). [af. mept. of ester from
ximenynic acid 53.5-54°C (Hatt and Szumer 1954) 1.

Determination of Unsancunifishle Material

‘The unsaponifiable material in the oll was determined by
the standard method 'Sub~Coma. on Deifm. of Unsap. Matter in
0ils and Fats 193%3), This materisl was only sparingly
soluble in ether gnd sizilar sclvents and was present to the
extent of 6.,9% ia the oil (From uliraviolet dats the
unsaponifiable matier in the 0il is 74).

Ultraviolest Ahsorption Spectra

In the case of the 011, spectroscoplc hexane was used aa

the solvent, and as the puvre acid has E%¢ at 229ap of 596, the

cm
content of santalbic acid could be determined by measuring the
sbsorption at 229mp (the maximum)}. In this way, the santalbie
acld conteant of the mixed acilds excluding unsaponifiable is
95% (Eiﬁm 570) and of the oil itself (as glyceride) 88%

A% 4o7
(8%, 497).

Bydrogenation and Oxidation of Santalbic Acid

As these reactionsg had been adeguatsly carried out in a
series of ypreliminary experimente they were not repeated in
this work. (cee Gunstone and McGee 19543 Gunstone and

Ruszell 1955).



Prepération of 11:12 Dihydroxystearolic Acid (II)

To santalbic acid (22gr.) dissolved in formic scid
(98-100%3 240c.c.) by stirring at 28°C., 12¢.c. of 100
volume hydraogen peroxide wes zdded and tke solution stirred
viporously for sbout 2% hours at 40°C. Some of the formic
aeid (150c.c.) was then revoved undsr reduced pressure st
40°C., 2nd the residue after additior of plenty of weter
extraeted with ether (3 » 200c.c.). Renovel of the solvent
left the hydroxyformoxy esters which were hydrolysed by
refluxing with 3N aqueous sodium hydroxide (150c.c.). The
soaps were then poured into 250c.cs of hot 3N hydrochloric
acid snd the resulting oil, whish sepsrated out, was
extracted with ether (3 x 150c.c.) =nd the solution dried
with anhydrous magnesium sulphate, Ihe solvent was renoved
giving a dark red oil which was crystallised from ether - light
petroleum (1l:l; 200c.c.) %o give the crude dihydroxystearclis
acid (8.4zm.) as a yellow powder. This material wee ihen
dissolved in ethyl acetate znd refluxed with sninal chareocal
for 5 minutes. After filtretion, the resulting colourless
solution was allowed to stand st 0°C., yielding a White
80lid which on further recrystallisation from ethyl acetste
gave 4.8gm, of a white powder m.pt. 87-88°, A sample of this
was recrystellised from aleohol to give & microerystalline
white powder m.pt. 88-89°C, (Grigor et gl., 1955 guote
89-90°C4 ). Found: C, 69.5; H, 10;2%. Calec. for

C C, 69.2; H, 1005%)0

18H3204:
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Hydrogenaticn of 11:12 Dihvdroxyetearclic Acid

Dihydrexysteerclic ccid (2gu.) was dissclved in alcohol
(50c.0,) end pelladium charcoal (300mg.) added, the resulting
suspension being shoken with hydrcgen unill no nore gas was
absorbed (300c,c. at 20°C.; theoretical 265c.ce at NeWeDo)o
As the dihydroxystearic ancld erysioilised oub during the |
hydrogenation, the sclution ves warmned and then filtered
free of catalyst. The filtrote was then allowed to stand
overnight at 0°C., Piltration gave & white powder (Le9gm.)
which on recrystallisstion frem alcohol yieided 11312
dihydroxystesric acid (I1I) as 2z white wmicrocrysialline powder
mepbe 126-126.5°C, (Found: €, 63433 H, 1lelwe Calc. for
01833684 C, 68.43 H, 11.4%}. L later preparstion gave a
sample m.pt. 127-128°C. &4 nixed m.pt, with erythre 9310
dinydroxystearic acid (m.pt. 129-131°C.) gave a depression.
Oxidation of 11:12 Dihyéroxyrstearic Acid

Dihydroxystecric acid (C.fgr.) was dissolved in giscial
acetie acid (25c¢,c.) mnd excess of wowdered potazssium
permanganate added (l.5gmn.) in small porticns at room temper—
ature ovar a period of % hour, with gentle swirling of the
flask. The temperature of the flask was slowly raieed to
40°C, and kept about that tomperature for 2 hours, with
gentle shaking, Some of the acetic acid as then removed under
reduced pressure, the solution decolomised with sulphur dioxide,

dilute hydrochloric acid zdded and the solution steam distilled.

-
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The fesidual selution from this steam distillation deposited
a white solid when coid which, on recrystallisation from
water gave white crystalline plates of 1l:ll undecanedioic
acid (C.35gmet moepte 108,5-109.5°C)., This semple had a mixed
Ropt 0f 108.5-110°C. wiih the crystals obtained from the
oxidation of 10-formyldcosioie acid (see page 177).

The steaw volatile Ffraciion on extraction with chloroform

(3 x 50c.c,) yilelded on removel of the solvent, a yellow oil
(Oel5gmo)e Lhe p-—bromophonacyl cster of this acid was
prepared as white crystals (Trom ethanol) m.pte 68=T0%C.

L mixed mepte with the ester from an uuthentic sample of
heptanoic acid (m.pt. 65=69°C.) gave no Gepression.

Periodate Oxidation of 11:12 Dihydroxystearic Acid

A solution of potassium periodate (l.5gm.) in N sulphuric
acid (75c.c.) wasr added to ithe dihyaroxystearic acid (2gm.)
in ethancl (70cec.) and the solution shaken at 40°C. for 15
ainutes. Water (300c.c.) was then added and the solution
extracted with ether (3 x 150c.c.)s ‘The solvent was removed
and the product steam distilled for about 1% hours, collecting
about 250c.c. of distiliate [chemical separation gave less
satisfactory results].

fThe residual solution on dilution with water (150c.c.)
wag then extracted with ether (3 x 100c.c.). Drying
with anhydrous magnesium sulphate and removal of the solvent

gave O.€gm. of a yellowlish 0il which solidified on cooling.
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This was dissolved in light petrcleum (50c.c.) and erystallised
at 0°C, giving a white powder Mephe 42.5=44 Ce  Further
recrystallisation frow Lighé petrolewn [b.pt. 650-80"C.:
300sce ] gave 10-forwyldecancic acid (II1Lb) as a white
powder m.pte 47-48°C. (Tound: (,65.7; H, 9.9%. cCelc.
for “11“2603’9- 66,05 H, 10.1%]. Uhe 214 dinitrophenyl-
hydragone ol eihyi lUe.oriyldecanvate was ovtained as yellow
needles m.pte. H9=60°C, by dissolving the acid (IIIB) in
ethanol with a sulphurie acid sclution of the hydrazine
hydrochlioride, {Pounds O, 59.T3 H, 5.7; N, 13.9%.
Calce Lor Cyglloglgliss Cy 55.95 H, 695 Ny 134741
An attempt was made to prepuare the 2:4 dini*rophenyl
hydruzone of the acid in glacial acetic acidy after purific-
ation by chromatography on a silieca gel coluun, a small
quantity of an orange yellow powder m.pt. 89=90°C, was
obtained,

Lthe siteam volatlle maiecrial wes exiracted with etuer
(3 x 1000.0,) giving UoTgme. of a reudish yelilow fragraat oil.
The 2:4 c¢initrophenyl hydrasone of this compound was prepared
in the ususl manner to give orange yellow plates m.pt. 105-104°C
[Found: C, 53¢%; H, 5.9%. Calc, for C15Hyg0,N48 €, 53415
H, 6.2%]» A mixed m.pt. with & sample ot the 2:4 dinitro-
phenylhydrazone of suthentic heptenal (m.pt. 105-105.5°C)

gove mepte 104,5-105°C,  [It was noted during the precparation
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of the above derivatives that orange-yellow compounds could
be obtained falrly readily from the aldehyde and from
authentic heptanal but the m.pts. were a 1ittle lower than
that expected (about 95°C.) 1.

Another portion of the aldehydo acid (III B) was
submitted to oxidation by potassium permanganates—
10-Formyldecanoic amcid (300mg.) was suspended in dilute
sulphuric acid (60 c.c. of 1.N) and an excess of powdered
potassium permanganste added (0.8gm.). The temperature
of the solution was gradually raised to 50°C. and the
solutlion shsken at this temperature for 45 minutes. Decolor-
isagion with sulphur dioxide followed by filtration gave &b out
O.2gn. of a pdle brown material which was dissolved in
alechol (15c.c.) and refluxed with animal charcoal for 5
minutes. Piltration gave & colourless solution which
deposited a white powder m.pt. 105-107°C. PFurther crystallise
ation from nitromethane gave 1l:ll undecanedioic acid as
mioroerystalline white necdles m.pt. 109-110°C. [Lit. 110°C.].
[Pound:s C, 60.9; H, 9.6%. Calc. for O11Hy0048 C, 61.1;

Hy, 9.3%1.
Periodate Oxidation of 11312 Dihydroxystearolic Acid

2 gn. of the dihydroxystearolic acid was submitted to
‘oxidation with potassium permanganate in sulphuric acid as

outlined above for dihydroxystearic acid,
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' The aldehydo acid obtained from the residual solution
of the steam distillation by extraction with light petroleum
yielded a small quantity of a white crystalline material.
Thié wes further crystallised from light petroleum to give
white crystalline plates of 10-formyldec-S-ynoie acid (IV)
m.pts 25.5-26.5"0. [Founds C, 67.3; H, 7.9% for
011H16032 C, 67.3; H, 8.2%]. It is recommended that this
reaction be carried out as quickly as possible since the
aldehydo acid seems to polymerise readily. lMeasurement of the
U.V. absorption of this compound in rectified spirits showed
& broad band with a maximum sbout 231mp (Eiim 206), while
measurenent in n-hexane gave aglightly different results
(see page 158). (This latter measurement was made a few
weeks later on a sample kept in a stoppered tube at 0°C.).

A sample of the 2:4 dinitrophenylhydrggone of this compound
‘was prepared in glacial acetic aeid solution, Addition of
water gave & bright yellow mat=rial which on recrystallisation
from ethanol deposited a yellow powder (50gm.) m,pte. 82-85°C,
This powder was purified by a chromatographiec procedures-—

the material was dissolved in benzene (2c.c.) and placed on
top of a silica gel (100 mesh) column (20cm) which was then
elufoé with benzene. The first fifty c.c.s. of eluent
dislodged a pale yellow band, and on changing the eluent
graduaily t0 504 benzene-chloroform solution a deep yellow

band was eluted, which on evaporation of the solvent and



crystallisation from ethancl gave 10mg. of a deep yellow
powder - the 2:4 dinitrophenylhydragone of 10-formyldec—9=
ynoic scid (IV) m.pt. 105.5-106.5°C. [Pounds G, 53.9;

H, 5.33 N, 14.,7%. Calc. for Ci7Hog0gl 2 Cy 54425 Hy 5.43
N, 14.9%1]. ’

The steam volatile fraction on extraction with ether
and removal of the solvent gave a yellow fragrant oil (0.5gm.).
The 2:4 dinitrophenylhydragone of this oil was prepared in
the usual way giving orange yellow needles mept. 105-105.5°C.
{1it. 106°C. ], [Found: C, 53.2; H, 6.0; N, 18.8%. calc.
for 013H1804N4; C, 53413 H, 6,23 N, 19.,04]. The semi-
ecarbagone of this fraction was also prepared and obtained
as white crystals m.pt. 108-108.5°C. from ethanol. Mixed
m.pt. with a sample prepasred from authentic heptanal (m.pt.
107-108°C) . gave 107.5=108.5°C,

Preparation of Lindlar's Catalyst

Caleium carbonate (50Ogm.s 'Analar') was miied into
digtilled water (#00c.c.) and 50c.c. of a solutioh of
palladium chloride (4.15gm.: 5%) were added whilet stirring
at room temperature for 5 minutes and then for 10 minutes
at 80°C. The hot suspension was shaken with hydrogen until
no more was absorbed. [4 hours at 20°C.: 1760c.c. H,]. The
solid was filtered off, well washed with distilled water (4
litres) and then suspended in 500 c.c. distilled water and

vigorously stirred whilst adding a solution of lead acetate
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(ng; in 100c.c. water). Stirring was continued at room
temperature for 10 minutes and for 40 minutes on a steam
bath. - The catalyst was then filtered, washed with distilled
water (6 litres) and placed in 2 vacuum desiccator to dry
at 40°C. for 8 hours. This produced 49gm. of a grey
powder which was used &8s a poisoned catalyst in conjunction
with quinoline.
Partial Hydrogenation of Santalbic Acid

Santalbiec acid (2 gn.) was dissolved in ethanol (3Cc.c.)
200mg. of Lindlar's catelyst and 80mg. of cuinroline added.
This suspension was shaken with hydrogen in the ususl way.
There was a slow but steady uptake of hydrogen and after 200
CsCs Oof hydrogen had been absorbed at 20"C the reaction was
'stopped. [The uptake of hydrogen showed no signs of
diminiching (cf. Crombie 1955b); theoretical value for
hydrogen absorbed in the reduction of one triple bond to one
double bond is 175 c.c. at 207C.]. The suspension wes
filtered and the alcohol solutiorn sllowed to stand overnight
at -20°C., A white solid crystallised out, but as this
appeared to melt at sbout 0°C., the solvent was removed and
the residue replaced in the refrigerator where it solidified.
This so0lid on examination by ultra-violet spectroscopy
showed a broad band with a maximum at 231lmp ( .ﬁm 856) and
a weak point of inflexion at 240mp (see page 159 ).  These
properties are consistent with this solid being octadec-cig-

9-trans-ll=-dienocic acid (when the hydrogenation was csrried



out in light petroleum there appeared to be no upteke of
“hydrogen).

Isomerisation of Octadec=-cig=-O-trangs-ll=dienoic acid

The cis-trans acid (2gm.) was dissolved in 500c.c. light
petroleum end 15c.c. of a solution of iodine (N/ygqg) in the
same solvent added. The solution was then placed in bright
sunlight for 3 hours (or irradiated with u.ve. light for % hour),
when the violet colour of the iodine disappeared. The residue,
after removal of the solvent, wus then crystallised from
aloohol giving white crystalline »lates (lgm.) m.pte. 48-50°C.
Further recrystellisation from slcohol was carried out giving
white plates m.pt. 53-54°C., of octadec-irans-9-trans-11l dienociec
aoid. (Mangold's acid). [Found: ¢C, 76.9; H, 11.5%. calc.
for 01833202§ C, 77.13 H, 11l.5%1. The acid had a U.¥.
absorption curve with a maximum a2t 231lmp (E%%m 1198) snd
two points of inflexion at 227mp and 23%mp (see pagesls®,167).

The maleic anhydride adduct of the acid was prepared:-
250mgs of acid and 80mg. of malelic anhydride were mixed and
heated to 75°C. on a water bath. The mixture was kept
at this temperature for 2% hours. The o0il produced was
dissolved in petroleum ether (b.pt. 60-80°C.) and placed in
the refrigerator. This produced a white cryastelline material
m.pt. 78-82°C., On redissolving in petroleum ether a part
of the material appeared to be falrly insoluble and this
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less soluble compound was filtered off giving wﬁite crystalline
rlates m.pt., 88=90°C, Purther recrystsllisation from
petroleum ether gave white corystalline plates m.pt. 92.5-9%.5°C,
{Pounds ¢, 69.,8; H, 8,6%. Cale. for CppHz,05t €, 69.8;

H, 9.1%]. [literature: 88°C., (Boeseken and Hoevers 193%0);
94.5°C, (Kaufmann and Baltes 1936) 78-96°C. (Schmid snd Lehmanrn
1950) 1,

Partial Hydrogenation of 11:12 Dihydroxystearolic Ae¢id

Dihydroxystearolic acid (L.0Ogm.) was dissolved in alcochol
(300,0.), 100mg. of Lindlar's catalyst and 40mg. of quinoline
added, This suspension was then sheken with hydrogen until
90¢.cs Of hydrnren was absarbed (theoretical value 78 c.c. 2t
21°C,. ). On filtratica snd removal of the solvent, the residuc
wae dissolved in light petroleum. Repeated crystallisation
from this solvent and finally from nitromethane gave erythro
11:12 dihydroxyoctadec-cig-9=enoic acid (V) (dihydroxyoleic
acid) as microerystalline white needles m.pt. 68-68.5°C,
[Found: ©, 68,63 H, 10.8%. Calc., for C1gHzs0,: C, 68483
Hy, 1048%s lVicrohydrogenstion shows 1,1 double bonds],.
githigm‘Aluminiﬁm Hydride Reduction of 11:i2 Dihycroxystearolic

Aeid
The dihydroxystearolic acid (lgm.) was suspended in dry
ether (20c.c.) and slowly added to a suspension of lithium
aluminium hydride (0.95gm.s T.5gm. mol.) in 40c.c. of dry ether,
whilst stirring. The suspension was refluxed on a water bath
for Q%hours and then allowed to stand overnight. Ethyl

acetate (10c.c.) and cold 3N hydrochloric acid (20c.c.) were
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added to the susvension which was thea extracted with ether
(3 x 100c,c.). This ether solution was washed with 04 rotegs -
jum hydrxideselution (3 x 20c.c.) o remove any unchanged acid,
and then with water until free of alkali (tested with phenol-
phthalein). On drying with snhydrous magnesium sulphate and
removing the solvent a white solid (1 gn.) mept. 73=75.5°C.
wes obtained, Purther crystallisation from alcohol gave
- 1311112 trihydroxyoctadec=9=-yne (VI) mepte 79+80°C zs 2
white powder. (Founds €, 72.13 H, 11l.5%. Calec. for
CygHz4022 C, 72.4;5 i, 11.5% . Hicrohydrogenation indicated
0.9 triple bond or 1.32 double bonds).
Increasing the quantity of lithium aluminium hydride
[10gme mol —>— 16gm mol.] and varying the time of reflux
(1 hour: 11 Hourse) did not change the nature of the product.
Preparation of 1:11:12 Trihydroxyoctedec=9=yne from Santalbic
Santalbic acid (1.6gn.) was dissolved in dry ether {25c.c.)

and slowly added t0o a suspension of lithium aluminium hydride
(Ou3ame: 5gpe. mol) in dry ether (30c.c.) and refluxed for

1 hour whilst stirring. The suspension was allowed to stand
overnight and worked up the usual way (as for VI) giving =
yellow oil (0.9gm.), a sample (0.3gm.) of which on crystallis=
ation from petroleum ether (b.pt. 80-100°C.) gave ximenynyl
alcohol (VIII) as a white s801id m.pt. 23=-25°C. (1it. 30-31°C.).
The a-naphthyl nmrethsne derivative was prepared and gave white

crystals from petroleum ether (b.pt. 60-80°C.) m.pt. 56-57°C.
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(11%. 57=57+5°C.).

Ximenynyl alcohol (0O.6gm.) was suspended in 5c.c formic
acid (98-100%) and 0.5c.c. of 100 volume hydrogen peroxide
added, The mixture was shaken at 40°C, for about 2 hours
(assuming a reddish yellow colour) and a quantity of formic
acid then removed under reduced pressure at 40°C. The
residue was hydrolysed by refluxing on the steam bath with
aqueous 3N sodium hydroxide solution (2ce.c.) for 5 minutes.
The resulting solution was diluted with water (50c.c.) and
extracted with ether (3 x 3%0c.c.), the ethereal solution
| being dried with anhydrous magnesium sulphate. Removal of
the solvent gave 0.25gm. of a yellow oil which solidified on
placing in the refrigerator. Recrystallisation from ethyl
acetate yielded a small guantity of a white powder m.pt.
76=T7°Ce A mixed m.pt. with compound VI obtained by lithium
aluminium hydride reduction of dihydrostearolic acid (m.pt.
78-79°C.) gave m.pt. 77-79°C., thus confirming that VI is the
-yne jriol. )

Preparetion of 1111¢12 Urihydroxyoctadecane (VII)

8) Dihydroxystearic acid (III) (0.15gm.) was dissolved in dry

sther (10c.c.) and slowly added to a suspension of lithium

aluminium hydride {0.2gm.: 18gm. mol.) in dry ether (20c.c.)
whilst stirring. The suspension was refluxed for 2 hours and
then worked up as usual (as for VI) giving a white powder

(Oulgm.) m.pt. 124-125°C. Purther recrystallisation from
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ethanol gave 1311312 trihydroxyoctadecane (VII) as a white
powder m.pt. 126-126.5°C. [Found: C, 71.6; H, 18.5%.
Cale. for CygHsg053 C, 71.5; H, 12.7%1.
b) 1:11:12 Trihydroxyoctadec=O=yne (VI) (O.lgm.) was
dissolved in ethanol (20c.c.) and palladium charcoal (20 mg.)
added, The suspension was shagken with hydrogen until no more
hydrogen was absorbed. On filtration and evaporation of the
solvent a white powder (VII) was obtained m.pt. 122-123,.5°C.
e) 11:12 Dihydroxyoleic acid (V) (0.2gm.) was dissolved in
dry ether (20c.c.) and added slowly to a suspension of
1ithium sluminium hydride (0.1 gme: 4.Ggms mol.) in dry ether
(20¢ees)s The suspension was then refluxed for 3 hours
and the trihydroxy ccmvound sxtracted as in (VI to yield
O.lgm. of an impure white solid. C(rystallisation from
petroleum ether (b.pt. F0=80°C.) gave a small quantity of
a white powder me.pt. 51-52°C which was probably 1sll:l2
trihydroxyoctadec-gis-9-ene (IX), since microhydrogenation
in glecisl acetic acid (H2 uptake ¥ 0.94 double bond) gave
a white powder m.pt. 172-124°C (VII).

~ Samples of VII obtained via a), b) znd ¢) when mixed
together did not show any depreassion of m,pts.
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